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Abstract

We presentan extensible,object-orientediatamodeldesignel for

field dataentitled Field Model (FM). FM objectscanrepresent

wide variety of fields, including fields of arbitrary dimensionand
nodetype. FM can also handletime-seriesdata. FM achieves
generality through carefully selectedtopologcal primitives and
throughanimplementatiorthatleverageghepotentialof templated
C++. FM supportsfields wherethe nodesvaluesare pairedwith

ary cell type. ThusFM canrepresentlatawherethe field nodes
are pairedwith the vertices(“vertex-centered"data), fields where
the nodes are pairedwith the D-dimension&cellsin RP (often

called“cell-centered'data),aswell asfieldswherenodesarepaired
with edgesor othercell types. FM is designedo effectively han-
dle very largedatasets;in particularFM employs ademanddriven

evaluationstrategy thatworks especiallywell with largefield data.
Finally, the interfacesdevelopedfor FM have the potentialto ef-

fectively abstracfield databasedon adaptve meshesWe present
initial resultswith atriangularadaptie grid in R? anddiscusshow

the samedesignabstractionsvould work equally well with other
adaptve-grid variations,includingmeshesn R®.

CR Categories. E. Data(large); 1.1.3 Languagse and Systems,
Evaluationstrat@ies;|.3.8 ComputerGraphicsApplications

Keywords. datamodels,object-orientedC++, templatesscien-
tific visualization,demanddrivenevaluation.

1 Introduction

Underlyingvirtually every object-orientedisualizationsystemis a
datamodel. The datamodelformsakey partof the systemdesign,
effectively spellingoutthetypesof datathatcanbeanalyzel by the
system. A well-designeddatamodel comporent cansignificantly
enhane the capabilitiesof the overall system.For example thede-
velopersof OpenDX (formerly IBM DataExplorer)often cite the
consistentunified natureof the DX datamodelasoneof the key
reasondor the succes®f their system[13, 1]. For large datavi-
sualizationthedatamodelcanhave a significantimpacton system
efficagy. Poorly choserabstractionganleadto performare prob-
lems or make development awkward. Well-designedabstractions
canenhare codereuseandenablethe couplingof componetsin
new andinterestingways.

A recenttrendin numericalcompuing is thegrowing popuarity
of adaptve meshes. Adaptve meshesncreaseor decreasaeso-
lution automaticallyas requiredby a simulationcode. Adaptive
meshedree the scientistfrom having to constru¢ a meshinitially
thatcompletelyanticipatesvherehigh resolutionwill be required.
Adaptive meshesare alsoa naturalchoicewhenthe resolutionre-
quiredin variousregions of the domainchanges over the course
of the simulation,for instance following a shockwave. Adaptive
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meshtechniquesare oftenimplementedas parallelalgorithms,re-
quiring carefulload balancingandcommurication stratgjiesin or-
derto be mosteffective. Unfortunately adaptve meshegsend not
to matchwell with the datamodelsundelying currentgeneralvi-
sualizationsystemspromptingmeshlibrary developersto resortto
developingvisualizationmodulescustomto their meshdesign.

For thosein the visualizationcommunity adaptve mesheoffer
the possibility of new andinterestingresearchopics. For exam-
ple,onemightwantto couplevariousmulti-resolutionvisualization
techniqueswith the adaptve meshdatastructures.For visualiza-
tion systemdevelopers adaptive meshesrea challenge Thereare
anumbe of currentadaptve meshdevelopment efforts, eachwith
its own customalgorithmsand datastructures.Onewould like to
applythewealthof visualizationtechniqueshathave alreadybeen
developed yetoneis likely notto have theresourceso devotetoin-
terfacingto eachadaptve meshvariation. Thisis wherea carefully
designeddatamodelcomesin. With appropriatelychosenabstrac-
tions, a datamodel caninsulatethe visualizationtechnique from
the majority of the idiosyncrages of the meshandfield datastruc-
tures. A carefully designedmodel can also enhancemodularity:
newly addedmeshandfield typesin the future shouldnot require
significantmodificationsto existing code.

In general the advantagesof a gooddatamodelarenot limited
to adaptve mesheslone.Overall, our goalis to provide acommam
modelfor field datathatwill enharme the sharingof datasetsand
of visualizationtechniquemplementationsin the next sectionwe
provide anovervien of someof the key conceptdn the FM design
that are intendedto take us towardsour goal. Following thatwe
suney relateddatamodd work within thevisualizationcommunity
Next, we discusskey featuresof the FM design,andthenpresent
currentresults. Finally, we concludewith a discussionof future
plansfor the FM project.

2 Field Model Concepts

Field Model objectsareembeddd in R”, alsoknown asphysical
space Objectsin R arealsosaidto have a physicaldimensional-
ity of D. Theregionsin R? wherefieldsaredefinedarediscretized
by mesheswhichin turnarecomposd of cells. A k-cell is asubset
of R thatis homeanorphic(topologicallyequivalent)to a k-ball.
Cellsin FM arecurrentlyall linear objects. A 0-cell is a vertex, a
1-cell is anedge 2-cellsincludetriangles,quadilaterals,andother
polygors. Hexahedratetrahedrapyramidsandprismsareall ex-
amplesof 3-cells. Every cell o hasa setof vertices.We useamore
generalkconeptof facethansomearefamiliar with: afaceof o is
specifiecby anon-empy subsebf theverticesof o . For example,
a hexahedronhasnot only quadrilaterafaces but alsovertex and
edgefaces.Every cell is alsoafaceof itself. The generaffacedef-
inition enablesusto develop a more uniform treatmentof objects

1if acel o is not a simplex, then not every subsetof the verticesof
constiutesaface. In pradice it is clear which subsetslefinevalid faces.
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Figure 1: ExampleFM meshesrganizedin columnsandrows by basedimensiontity (B) and physicaldimensionality(D), respectiely.
Note thatthe modelis generalenoudn to representot only the input to visualizationtechniqueshut alsothe output. For example,regular
meshesn R2 ((B,D) = (2,2))couldsene astheunderlyingdiscretizatiorfor imagesandsurfacesn R? naturallycorrespod to (2,3)meshes.

with generaldimension.A meshM is afinite setof cellssuchthat
if o € M, andr is afaceof o, thent € M. Typically, cells
in ameshsharecommonfaces sofor exampletwo tetrahedracan
sharetriangle,edge,andvertex faces.If the cellswith the highest
dimensionéty in meshM are B-cells,then M is a B-mesh,and
M hasabasedimensionéity of B. The basedimensionalityof a
meshmustbelessthanor equalto its physicaldimensionality The
shapeof a meshM is the spaceoccupiedby the union of all the
cellsof M. In mostcasesthe shapeof a B-meshis equivalent to
a B-manifold with boundary. In orderto rule out somecell col-
lectionsthat do not have a manifold shape we requirethat every
cell in a B-meshM mustbe thefaceof someB-cell in M. This
requirementfor instancerulesout casesvherewe have a surface
(B = 2) with spuriows edgesand verticesthat are not part of the
surface.

Figure 1 illustratesexample mesheghat can be constructedn
FM. Note that FM meshesanrepresenfamiliar objectssuchas
regular meshescurvilinear meshes,and tetrahedralunstructured
meshesNotetoo thatour definitionis generalenoughthatwe can
represenbbjectslesscommonlythough of as meshessuchasa
collectionof verticesand edgessignifying the atomsandbonds of
amolecule(B = 1, D = 3). Also, notethatthemolecularexample
is a casewherethe setof cells adherego our meshdefinition, but
the shapeof the meshis non-manifold.

A field definesa functionwithin aregion of space.In FM, each
field objecthasa setof valuescallednodes(which canbeaccessed
on demand, amesh,anda pairingbetweerthe k-cellsin the mesh
andthenodes. Thevalueof k for a particularfield is known asits
nodeassociatiorindex. Thebaseandphysicaldimensiomlitiesof a
field arethedimensionalitie®f its underlyingmesh.For fieldswith
basedimensiorality B, the mostcommonnodeassociatiorindices
seenin visualizationdataare O (“vertex centered”)and B (typi-
cally called“cell centered”). Othernode associatiorindicestend
to beunderrepresenteih visualizationstudiesthoughthey arestill

importantscientifically Node associatiorindex 1 fields often oc-
curin electromagneticsimulationsaswell assomeadaptve mesh
systemswhereadaptatiorcriteriaare pairedwith the edges Node
associationindex 2 fields are usefulin someflow studies,where
fluxesaretracked atthe 2-cellsin orderto verify the correctnessf
thesimulation.

For a field with nodeassociatiorindex k, the usercanrequest
a singlevalue at a particulark-cell or requesimultiple valuesat a
j-cell, j # k. We definelaterhow thefield selectsnodevaluesin
thecasewherej # k. Theusercanalsorequestfield valueatan
arbitrarypointin physicalspacepr for fieldsbasedn mesheswith
structuredbehaior, atanarbitrarypointin basespace.n response
to suchqueriesfieldsreturnanintegercodeindicatingwhetherthe
querywassuccessfufe.g.,depemling uponwhetherthegivenpoint
waswithin the part of the domainwherethe field is defined),and
afield value. Appropriateinterpolationtechniquesare fairly well
agreeduponfor fieldswith nodeassociatiorindex O; for othernode
associationndicesappropiateinterpolationmethodsarestill under
investigation.

Before proceedingwith a descriptionof the FM designandim-
plementationye review previous datamodelwork.

3 Related Work

Theimportanceof awell-designedlatamodelhasbeenrecogrized
early on in the visualizationcommunity and there have beena
numberof efforts to develop a generaldesignwith a strong, for-
mal foundaion. Oneof the earliestwasthe fiber bundle modelby
Butler and Pendlg [5]. Their modelwas inspiredthe mathemat-
ical abstractionof the samename. Fiber bundleshave proven to
be somevhatdifficult to implementin their pureform, thoughthe
concepthave inspiredseveral follow-on efforts. The original fiber
bundle abstractionglid not provide a corvenient meansto access



theunderlyingdiscretizationmesh)of a dataset. Thiswasa prob-
lem sincemary visualizationalgorithmsoperateby iterating over
varioustypesof cellsof themesh.

Onesystemin particularthathasbeeninfluencedy fiber bundle
concepsis OpenDX(formerly IBM DataExplorer[13 1]). Begin-
ningwith Haberetal [8], thefiber bundlemodelwasadaptednto a
modelthatwould suppat ageneral-pyposedata-flav visualization
system.OpenDXcanhandlefields with nodeassociatiorindicesO
or B, whereB is thebasedimensiontity of thefield. OpenDXdoes
not supportadaptve meshesthoughmorerecentwork by Treinish
[23] describesa modelthatwould accommodtesuchdata.

Another field modeling effort was the Field Encapstation Li-
brary (FEL) project, first presentedat Visualization'96 [3]. FEL
excelledwith the multi-block curvilinear grids that are popularin
computatiorl fluid dynamicsapplications FEL differedfrom most
othermodelingefforts in thatit definedseparateclasshierarchies
for meshesand fields, ratherthan a single combinedobjecttype.
A secom versionof FEL, FEL2, followed after a basicredesign
and total rewrite [16, 15]. FEL2 introducedfundamemal design
featureghatenabledhelibrary to operatewith far largerdatasets,
includingaconsistentlemand-dvenevaluationmodel[14] andthe
integrationof demandpagingtechniqueg6]. FEL2, like the orig-
inal versionof FEL, assumedhatall objectswerein R? physical
spaceandthatall fieldseffectively hada nodeassociatiorindex of

The VisualizationToolkit (vtk) [20], like OpenDX,is an open
sourcevisualizationsystemwith a fairly generaldatamodel. The
vtk datamodelusesan extendeal concept of cells, including such
primitivesaspolylinesandtrianglestripsascell types. Recentex-
tensiond12] havefocusedon enablingthedatamodel(andthusthe
wholesystemYo handlelargedata.Like FM, vtk utilizesademand-
driven evaluationstrat@y. In vtk, visualizationtechniqus negoti-
atewith a datasourcein orderto determineappr@riate streaming
parametersthen the streamingcommeres. FM demanddriven
evaluationis maximally fine-grained:visualizationtechniquesre-
questdataonecell atatime, andthelazy evaluationhappes atthe
samegranularity The FM approachleadsto more function calls
betweenthe dataconsumerand producey while the vtk approach
impliesthatthe dataconsume hasto know moreaboutthe charac-
teristicsof thedatasetit is accessing.

Anotherobject-orientediataflow visualizationsystemintended
for large datavisualizationis SCIRun[2, 19]. One distinguish-
ing characteristiof the SCIRundevelopmenteffort wasthe focus
on compuational steering,i.e., analyzingdatafrom a simulation
andmodifying simulationparametersasthe simulationis running
SCIRunalso allowed for somemeshadaptationduring a simula-
tion run. The datamodelwasnot the primary focusof the overall
developmenteffort.

VisAD [10, 9] is arelatively generd object-orientednodelfor
numericaldata.Theusercanconstructlataobjectswith astylesim-
ilar to expressingmathematicafunctions.In contrasto themodels
describedpreviously, VisAD is implementedn Java. The VisAD
modelis quite flexible, thoughthe Java implementationrmales it
lesssuitablefor very large data. The VisAD modeldoesput more
effort into theinclusionof metadata- dataaboutdata— thanmost
otherdesigns For example,VisAD providesfor the specificatiorof
the units of measurementThus,for example,VisAD usersshould
belesslikely to confusedistancesneasuredn mileswith distances
measuredn kilometers.

4 Design and Implementation
Object-orientedlesignis hard. As Gammaet al. pointout:

Experiencedbject-orientedlesignes will tell you that
areusableandflexible designis difficult if notimpossi-

Figure2: A small 2-meshandits correspondig incidene graph.
Answeringfaces querieds equialentto following pathsupwards
or downwardsin thegraph.

ble to get“right” the first time. Beforea designis fin-
ished,they usuallytry to reuseit severaltimes,modify-
ing it eachtime[7].

In thecaseof thedesignof FM, we benefitfrom our experiencewith
theoriginal [3] andsecondgeneratior]16, 15] Field Encapsulation
Library (FEL) projects.Both generationfiadrelatively demandihg
performanceequirementsrom applicationssuchasVirtual Wind-
tunnel[4]. Both alsofacedlarge datachallengesThe secoml gen-
erationFEL was usedby several differentapplicatiors, providing
reusecaseghathelpedusrefinetheclassinterfaces.

In FM, asin FEL, thetwo maintypesof objectsin themodelare
meshesandfields. We discusskey featuresof bothtypesnext.

4.1 Shared Mesh and Field Interface

Both mesh and field classesinherit interface from the class
FMfield _interface<B ,D,T> , where the template argu-

mentsB, D andT specifythe basedimensionality physicaldimen-
sionality and nodetype, respectiely. For meshesthe node type
is the coordimtetype: FMvector< D,FM_coord> . Theinter

faceclassspecifieghemembeffunctionsat _cell ,at _base , and
at _phys. Theat _cell call takesa cell agumentand appernls
valuesto a C++ standardibrary vector[11] passedn by pointer

Theat _base andat _phys memberfunctionsprovide accesgo

field valuesatasinglepointin basespaceor physicalspacerespec-
tively. We provide detail on theaccesgunctionsemanticdelow.

4.2 Mesh Interface

In generabnapplicationcanaccesswo typesof informationfroma
meshobject: geometricandtopological. Geometricinformationis
accesseg@rimarily throughthe at _cell call, which produceshe
coordinate®f the verticesof its cell agument.The at _base call
takesapointin basecoordinatesndprodiwcesphysicalcoordinates,
thusit providesameando corvertbetweerthetwo coordinde sys-
tems. (Thereis alsoa routineto do the oppositeconversian). The
at _phys call may at first seemredundat for meshesput via its
integerreturnvalueit doesprovide ameandor verifying whethera
givenphysicalpointis within theregion wherethefield is defined.



FM meshobjectshave several memberfunctionsthat provide
topologicalinformation. Herewe focuson one particularmethod,
faces , thatis key to thegenerahodeassociatiordesign.To illus-
tratethefaces methodwe considetthesmall2-meshin Figure2.
Below the the meshis anincidene graphwhich capturesall the
facerelationshipof themesh.Eachrow of node$ in thegraphcor-
respong to a particularcell dimensiorality, with the rows ordered
by increasingdimensionalityfrom bottomto top. The graphcon-
tainsanedgebetweemodes representing k-cell o anda (k + 1)-
cell 7 if o isafaceof . Thefaces methodgakesak-cell & and
anintegerargumentj. If j < k, thenfaces returnsthe j-cells
thatarefacesof o. If j > k, thenfaces returnsthe j-cellsthat
o is thefaceof. If j = k, thenfaces returnso. In termsof
the graphin Figure2, thej < k caseis equivalentto following all
pathsdownward to the jth row from the nodecorrespoding to o;
the j > k caseis equivalent to following all pathsupward instead
of downward. For thosefamiliar with algebraictopology, the func-
tionality of thefaces call is essentiallyequivalent to the closure
and staroperatorscombined[17]. Thefaces methodhasmary
usesfor exampleit may be usedfor obtainingthe edgesof agiven
hexahedon. We will seehow faces is usedin conjunctionwith
generalhodeassociatiorbelow in Section4.4.

The FM meshinterfacealsosupportsteratorfunctionality com-
patiblewith the C++ standardibrary [11]. Meshesbehae ascol-
lectionsof cells,andonecaniterateover the cells. Unlike standard
library collections,meshobjectsprovide a richer setof iteration
possibilities. Typically onewantsto iterateover cells of a particu-
lar dimension,or someothersubsebf the total collectionof cells.
FM providesthis control via optionalagumentsto the begin  it-
eratorinitializer call. Otherthanthatdifference,FM iteratorstyle
is compatiblewith the standardibrary, andoneshouldbe ableuse
ary of thestandardibrary algorithmsthatoperatewith a collection
thatprovidesaconst _iterato r.

4.3 Mesh Implementation

Figure 3 summarizesthe FM mesh hierarchy  All mesh
objects share common interface defined by FMmesh. and
FMmesh<B, D>  The subclassesalso share implementation
throughinheritance. For example, topological methodssuch as
faces areimplementedin FMstructured _mesh<B,D> and

usedby all structuredmeshsubclassesMeshes arealsoresporsi-

ble for point locationand contribute geometricinformationthatis

usedfor interpolation. Efficient point locationis critical in a high-

performancdfield model, asit is an intermediatestepwhen com-
puting field valuesat arbitrary pointsin space. Throughthe class
hierarchywe are able to provide point location routinesthat ex-

ploit characteristic®f varioustypesof meshesn orderto provide

increasegerformance.

4.4 Field Interface

Fields are all templatedon basedimensiorlity, physicaldimen-
sionalityandnodetype. FM usesthe samesourcefor scalar vector
andin generaltensorfields — all are instantiatedfrom the same
classdefinitions. The fundamental field memberfunction for ob-
tainingfield valuesis at _cell , which produ@soneor morefield
values returningthemin a C++ standardibrary vectorobject[11].
For a field with nodeassociationindex k, an at _cell call with
a k-cell agumentwill prodwce a singlefield value. The samecall
with a j-cell agument,j # k, first would usethe faces call on
the underlying meshto corvert the j-cell into a collection of k-
cells. Then,for eachof theresultingk-cellsthefield would append
asinglevalueto theresultcollection. Thus,for example, anodeas-
sociationindex O field givena hexahedronargumentwould produce

2Notethatgraphnodesandfield nodesaredifferentconcepts.

FMmesh_
FMmesh<B, D>

FMstructured _mesh<B,D>
FMcurvilin  ear _mesh<B,D>
FMregular _interval
FMirregula r _interval
FMproduct _mesh<B,D>

FMregular _mesh<B,D>

FMunstructur  ed_mesh<B,D>

FMmulti _mesh<B,D>
FMtime _series _mesh<B,D>

Figure3: A synosisof themainmeshclasseswith theinheritance
hierarchysignifiedby indentation.The integertemplatearguments
B and D to FMmesh<B,D> andthe classedelow it specify the
baseandphysicaldimensiorlity, respectiely. TheFMmesh_ par

entclassprovides a cornvenienthandlewhenanapplicationonly re-
quiresthe portion of the meshinterfacethatis not depen@ntupon
themeshdimensionéity, e.g.,theiteratorinterface.

FMfield _
FMfield<B, D,T>
FMcore _field<B ,D,T>
FMmulti _field<B,D,T>
FMunary _derived field<B,D,T >
FMbinary _derived field<B,D, T>
FMtime _series _field<B ,D,T>

Figure4: A synopsisof the mainfield classeswith theinheritance
hierarchysignified by indentation The B and D templateargu-

mentshave the samemeaningasfor meshes.The T templatear

gumentspecifieghe field node type, e.g.,float . The purpcseof

the FMfield _ parentclassis analogusto thatof FMmesh_: it

providesa convenienthandlewhenanapplicationonly requiresthe
portionof thefield interfacethatis notdepemlentuponthetemplate
arguments.

8 values,1 for eachvertex. Or, for example,a nodeassociatiorin-
dex 3 (“finite volume”) field at _cell call with a vertex algument
wouldreturnin generaB values.We say“in general’sinceavertex
atthe bourdary of the meshis thefaceof fewer than8 hexahedra.
The utility of the at _cell definition becomedurther appar
entwhenwe considercaseswherewe have a field with one par
ticular nodeassociationndex, but wantit to behae like anothe.
Ourapprachwould beto defineanadapterclass[7], dervedfrom
FMfield<B,D,T >, withitsownat _cell methodimplementa-
tion. For instanceconside the casewherewe have a visualization
algorithmthat expectsa singlevaluewhencalling at _cell  with
a verte, but our field hasa node associationindex not equalto
0. The adapterwould take anincoming vertex argumentand call
at _cell ontheadaptedield. The multiple valuesrecevedin re-
sponsecould be averaged(perhapswith someweighting factors)
to producethefinal singlevalueresponse Suchan adaptemwould
enableus to reusesomeolder visualizationtechniqueghat make
vertex-centerecdataassumptions.

4.5 Field Implementation

The FMfield _ classhierarchyis summarizedn Figure4. The
subclasseareprimarily responsibldor providing implementations
for the at _cell memberfunction. Core fields prodwe values
from a memorybuffer. FMmulti _field<B,D, T> represents
fieldsconsistingof multiple subfieldsat _cell callsaredeleyated
to theappropriatesubfield. Thederivedfield classeproducevalues
ondemandapplyinga mappingfunctionto thevaluesproducel by



Mesh Card Card Carch
Initial 14605 43009 28404
Level 1 26189 88991 59000
Level 2 62926 235331 156498
Level 3 | 169983 662344 441147
Level4 | 380877 150524 1003313
Level5 | 488574 1935%19 1291834

Table 1: Cell setcardinalitiesfor the 0-cells, 1-cells, and 2-cells
in the airfoil exampleillustratedin Figure5. Thelevelsdenotethe
numberof refinemenstepstaken.

at _cell callsontheunderlyingfields.

The FMfield<B,D ,T> classprovides default implementa-
tionsfor theat _phys andat _base method. Both implementa-
tionsoperateby locatinga cell containingthegivenpoint, obtaining
field valuesin the neighbahood of the point usingat _cell , and
then interpolatingbasedon the geometryof the cell. Sinceboth
at _phys andat _base areimplementedin termsof at _cell ,
field subclassesre not requiredto provide implementationsof
thesetwo functions.Neverthelesssomesubclassedo provide their
own implementationgn orderto employ optimizationghatarespe-
cific to certainfield types.

4.6 Time

In theprevioussectionsve have saidlittl e abouttime, but thisis not
becausdime-varying datais unimportant. To the contrary mary
large datasetscomein the form of a time series. Thereare two
main strat@ieswe could choo® in orderto addresshe needsof
time-varying datain FM. One approachwould be to simply treat
time asanaddeddimension utilizing the general-dimensiomech-
anismsin we have alreadydevelopal. The alternatve would be to
treattime asspecial,distinct from the spatialcoordirates. At first
glance the former stratgyy may seemmore appealing- we would
like to reuseimplementationvhenwe can— but we decidedto go
the latter route instead,for several reasoms. First, the spatialand
temporalresolutionsof the datacanbe dramaticallydifferent. Es-
pecially in post-processingpplicationswhatis saved of the sim-
ulationis typically down sampledn time from the resolutionused
duringtherun. Thisimplieswe maywantto do spatialandtempo-
ral interpolationdifferently Secondmary visualizationtechniques
aredesignedo work atsomeinstancen time,andthey do nothan-
dle time explicitly. If time wereanaddeddimension thenthe user
of FM would needto reducethe datadimensiomlity beforepass-
ing the datato the visualizationtechnique.While sucha designis
possiblewe concludedthatit could be somavhatawkwardfor our
usersandthereis somequestionasto how greatof a performance
hit we would take if we wereto employ suchanapproah.

In FM, time-varying meshes and fields are repre-
sented by the classes FMtime _series _mesh<B,D> and
FMtime _series _field<B, D,T>, respectiely. Base po-
sition, physical position, and cell agumentsall contain a time
member Objectsthat do not vary with time ignore this member
Time seriesobjectsusethe time memberto index into the series
andaspart of the interpolationprocesswhenneeded Within this
design,visualizationtechniquesarefreeto requestvaluesin space
andtime asneededdy the particularalgorithms.

5 Results

5.1 2-DTAG

As a demongration of the Field Model capabilities,we considera
2-D TriangularAdaptive Grid (TAG) codethat hassened asthe

basisfor previous researclefforts on adaptve grid techniqueg$18].

The TAG systemis designedo be relatively insulatedfrom a par

ticular flow solver. TAG provides meshgeoméry andconrectiity

information usedby the solver; the solver in turn computesfield

nodevaluesandadaptatiortriteriathatareassociateavith themesh
edges.Basedon the adaptatiorcriteria, the TAG systemrefinesor

coarsenshe mesh.Figure5 illustratesthe airfoil testcasethatwe

considethere.Tablel quartifiesthemeshsizein termsof thenum-
berof k-cells,k = 0..2, for eachlevel of refinement.

Our motivationfor choosingthe TAG 2-D exampleis to testex-
tensibility, in particular with an adaptve meshobject. It is nei-
ther feasiblenor desirablefor FM to provide built-in support for
every meshdatastructure;the library implementationwould be-
come too bulky and difficult to maintain. Instead,our goal is
a designthat is modular enoughthat nev typesof meshescan
be addedwithout significantmodificationto existing partsof the
model. To be successfulin this endeaor, we have three crite-
ria. First, the classinterfacesshould be generalenoughto be
applicableto a variety of object types. So far we conside our
seles to have met this requiremeh FM can representa vari-
ety of objects,including structuredand unstructuredobjectsand
multi-block objects. We have not encouwntered significant limi-
tations due to the interfaces. Second,the interface abstractions
shouldnot causeusto suffer anunaccepablelossin performance.
We addresshis issuebelow. Finally, the classdesignshouldsup-
portreuseof partsof theimplementationsothatnewly introducel
meshand field types do not have to reimplementcommonrou-
tines.Our designhasbeensuccessfuin thisrespectswell. For 2-
D TAG, we defineda new classTAG2Dunstructur  ed_mesh,
which is derived from FMunstructur ~ ed_mesh<2,2> . Note
that the TAG2D classis not templated;the basedimensionality
and physicaldimensionalityare hard-codd in the 2-D TAG im-
plementatiorthatwe obtained Our TAG2D classmustprovide im-
plementationof somebasicmemberfunctionssuchasat _cell
andfaces , sincethesefunctionsreferto TAG-specificdatastruc-
tures.Otherfunctionality, suchasiteratorsupport,s inheritedfrom
FMunstructure  d_mesh<2,2> ; our TAG classcanreusethe
existing code.

The versionof the 2-D TAG codewe adaptedfor our example
hereexecutesserially OlikerandBiswas[18] alsohave versionsof
the samecodedesigred for parallelarchitecturesincluding mes-
sagepassingsystems. We do not have experien@ yet with how
well FM would accomnodatesuchgeneralizationshut we arein-
terestedin investigatingthis. Thereis alsoa 3-D versionof the
adaptve grid code,developed by the sameresearctgroup, thatis
analogos in mary respectgo 2-D TAG. The 3-D versioncontains
non-simplicial cells, including pyramids, prisms and hexahedra,
which shouldprovide someadditionalchallenge although we do
not anticipateary fundamentalproblemsadaptingsuchobjects.

5.2 Performance

Field Model at its heartis aboutabstractionsandit is naturalto
askwhatcostonehasto payfor the benefitsof abstractionThisin
generals adifficult questionto answeybecause:

e costis relative to somealternatve, and what alternatveswe
have vary from caseto case;

e how much abstractionoverheal is apparentdepems on the
balancebetweerdataaccesandcompuationusingthedata;

e with largedata,accessime canbesignificantlyinfluencedoy
thelocality or lack thereofin dataaccesgatterns.

Despitethesedifficulties, it is still importantto quantify the perfor
manceof the datamodel. We presentthe resultsfrom two initial
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Figure5: Theairfoil datasetwith 2-D TAG. At the upperleft is a close-upof thewhole airfoil. At the upperright is amuchcloserview of
theleadingedgeof theairfoil. Thetwo imagesin thelower row displaysuccessie refinemeniterationswithin the sameregion.



BoundingBox EdgeDrawing

Mesh Abstract Direct | Abstract Direct

Initial 13.9 1.1 1395.9 13245
Level 1 23.5 1.8 2634.7 25%.9
Level 2 56.3 4.3 6929.4 658.7
Level 3 152.4 11.7 | 20276.7 18841.9
Level 4 343.8 26.4 | 45754.7 44351.6
Level 5 462.8 35.7 | 59516.6 58007.2

Table2: Initial FM exampletimings,in msec.The“BoundingBox”
columnsillustrateaworstcasescenaridor FM: we compae anal-
gorithmwritten usingFM to a hand-co@dimplementatiorthatac-
cesseghe datastructuredirectly, andthe amountof computerel-
ative to eachdataaccesss small. In this scenariothe FM version
comesout over an order of magnituc slower. The “Edge Draw-
ing” columnsillustratea scenariathat may be moretypical. Once
againwe comparean algorithmwritten using FM to a hand-coed
implementatiorthataccessethedatastructureddirectly, butin our
secondscenariathe computetime is more significant. In this sec-
ondscenariothe FM versionis slower, but by roughy only 5%.

testsbasedonthe 2-D TAG examplediscussedn the previous sec-
tion. Ourfirsttestinvolvescomputingthebourdingbox of the TAG
mesh. This testis in mary respectsa worst casescenaricbecause
we comparethe abstract-M methodto a hand-caled C-styleim-
plementatiorthathasdirectaccesgo the databuffers, the amourt
of compuation usingthe datais minimal, andthe dataarenot re-
ally large enoudn for cache-misgatesto dominge. The columns
under‘Bounding Box” in Table2 summarizeheresultsfor the ex-
ampleairfoil dataset,measurean a195MHz, dualprocessoSGI
Onyx2 workstationwith 512M of memory The worst casedoes
look pretty bad: the differencein total timesin eachcaseis over an
orderof magnitude Still, depemling on theapplication theabstract
performancenmay befastenough

As a secondexample,we considera scenariowherewe gener
atepostscripimagesconsistingof the edgesn the TAG mesh.We
time the actualcodewe usedto generatethe imagesin Figureb.
Like the first scenario,we compae accesshroughFM to hand-
codeddirectaccesgo the datastructuresUnlike thefirst scenario,
the computatiorinvolvessomesimpletransformation$ollowed by
a write to our postscripffile. This is clearly more expersive than
our boundng box compuation. The columnsunder“Edge Draw-
ing” summarizethe results. The FM versionruns slawer, but by
roughly only 5%. For this applicationthe overheads likely to be
acceptable.

The timings in Table 2 clearly are not a thorough assessmen
of FM performarce. Field Modd is still relatively early in its de-
velopmen processandwe have donelittle performanceuning so
far. Our planis to portthe VisTechlibrary [21] to FM in the near
future. VisTechconsistsof a collection of standardvisualization
algorithms,written in termsof FEL2 [16, 15]. We will be ableto
compareFM/VisTechperformancewith thatof FEL2/VisTech,and
in somecaseswith implementatios handcodedfor specificmesh
andfield types. VisTechapplicationswill provide exampleswith
moretypical balancebetweerdataaccessandcompuationaswell
asrelatively typical dataaccesatternsfor visualizationapplica-
tions.

6 Conclusion

We have preseted an overview of Field Model (FM), an object-
orienteddatamodelfor meshandfield data. FM bendits signifi-
cantly from our experienceswith FEL2 [16, 15], an earliereffort
focusedon the developmert of high-performaue library for large
data. FM goesbeyond FEL2in generality: FM canrepresentiata

with generabaseandphysicaldimensionalityaswell asfieldswith
generalnodeassociation Furthermorewe anticipatethat FM will
beableto successflly handleadaptve meshtypes.Our experience
sofar with the 2-D TAG [18] adaptve codeconfirmsour expecta-
tions.

Two of the primary designgoalsof the FM projectaremodular
ity andextensibility. Ourvisionis thatFM will sene asacomma
model where othersin the community can contribute extensions
specificto their meshand field objects. The incentve would be
thatdatabrough into the sharedmodelcould be analyzd by what
we hopewill beawide collectionof analysistechnigueswrittenin
termsof the model. Towardsthis end,we areworking to establish
FM asanOpenSource[22] project,with its development homeon
Sourcelrge. We have established site there(http://fiel d-
model.s ourceforge.n et ), andwe currently have a few ini-
tial files uploadedto the repository We anticipatethat by Vis'01
all the sourceusedto createobjectssuchasthosedisplayedin this
articlewill beavailablefrom our site.
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We provide the Field Model (FM) sourcefor the examplespre-
sentedn the body of thisreportin thefollowing pages.



/I Emacs mode -*-c++-*- /I
#ifndef _FM_BASE_H_
#define _FM_BASE_H_

*

* NAME: FM_base.h
*

* WRITTEN BY:

* Patrick ~ Moran

*
#include  "FM_vector.h"
#include  "FM_submesh_id.h"
#include  "FM_time.h"

pmoran@nas.nasa.g ov

template <int B, typename T = FM_coord>
class FM_base : public FM_vector<B,T>

{
public:
FM_time<T> time;
FM_submesh_id submesh_id;
FM_base() {}
FM_base(const FM_time<T>& t, const FM_submesh_i d& sid)
time(t), submesh_id(sid ) {}
FM_base(const FM_vector<B ,T>& V) FM_vector<B, T>(v) {}
FM_base(const FM_vector<B ,T>& v,
const FM_time<FM_u32>& t, const FM_submesh_id& sid)
FM_vector<B,T >(v), time(t), submesh_id(sid) 4
%

template  <typename T>
class FM_base<1,T> : public FM_vector<1,T>

{
public:
FM_time<T> time;
FM_submesh_id submesh_id;
FM_base() {}
FM_base(const FM_time<T>& t, const FM_submesh_i d& sid)
time(t), submesh_id(sid ) {}
FM_base(const FM_vector<l ,T>& V) FM_vector<1, T>(v) {}
FM_base(T c¢) FM_vector<1,T>(c) {
FM_base(T ¢, const FM_time<FM_u32>& t, const FM_submesh_id& sid)
FM_vector<1,T >(c), time(t), submesh_id(sid) 4
b

template  <typename T>
class FM_base<2,T> : public FM_vector<2,T>

{
public:
FM_time<T> time;
FM_submesh_id submesh_id;
FM_base() {}
FM_base(const FM_time<T>& t, const FM_submesh_i d& sid)
time(t), submesh_id(sid ) {}
FM_base(const FM_vector<2 ,T>& V) FM_vector<2, T>(v)
FM_base(T c0, T cl) FM_vector<2,T> (c0, c1) {}
FM_base(T c0, T cl, const FM_time<T>& t, const FM_submesh_id&
FM_vector<2,T >(cO, c1), time(t), submesh_id(s id) {}
b

template  <typename T>
class FM_base<3,T> : public FM_vector<3,T>

{
public:
FM_time<T> time;
FM_submesh_id submesh_id;
FM_base() {}
FM_base(const FM_time<T>& t, const FM_submesh_i d& sid)
time(t), submesh_id(sid ) {}
FM_base(const FM_vector<3 ,T>& V) FM_vector<3, T>(v) {}
FM_base(T ¢c0, Tcl, T c2) FM_vector<3,T>(c0, cl, c2) {
FM_base(T ¢c0, T cl, T c2,
const FM_time<FM_u32>& t, const FM_submesh_id& sid)
FM_vector<3,T >(cO, «c¢1, c2), time(t), submesh_id(sid) {
b

template <int B, typename T>
std::ostreamé&

Ihs << *(;

int i

for (i =0, i <B; i+ {
it ( >0 lhs <<
lhs << rhslil;

(rhs.time.de fined()) {
if (++ > 0) lhs << "

lhs << "time=" << rhs.ime;
}
if (rhs.submesh _id.defined()) {
if (i++ >0) lhs << " "
lhs << "submesh_id=" << rhs.submesh_id;

return  lhs << ")

Copyright ~ (c) 2000

Advanced Management Technology, Incorporated
Permission is hereby granted, free of charge,

to any person obtaining a copy of this software
and associated  documentation  files  (the "Software"),
to deal in the Software without  restriction,

ok % % ox % %

&

operator<<(st  d::ostream& lhs, const FM_base<B,T>&

sid)

rhs)

T

*
#endif

including without  limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,

subject to the following conditions:

The above copyright notice and this permission

notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARHES PROVIDED"AS IS", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILTY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMET. IN NO
EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY,  WHETHER

IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN CONNECTIONWITH THE SOFTWAREDR
THE USE OR OTHERDEALINGS IN  THE SOFTWARE.



/I Emacs mode -*-c++-*- /I
#ifndef ~_FM_CELL_H
#define _FM_CELL_|
*

* NAME: FM_cell.h
*

* WRITTEN BY:

* Patrick ~ Moran pmoran@nas.nasa.g ov
*
#include  <stdexcept>
#include  <iostream>
#include  <new>
#include  <typeinfo>
#include  <assert.h>
#include  "FM_shared_object. h"
#include  "FM_submesh_id.h"
#include  "FM_vector.h"
#include  "FM_base.h"
#include  "FM_time.h"
#include  "FM_combinatorics. h"
#include  "FM_ostringstream. h"

enum FM_cell_type _enum
FM_OTHER_CELL= -1,
FM_VERTEX_CELL= 0,
FM_EDGE_CELL= 1,
FM_TRIANGLE_CEL = 2,
FM_TETRAHEDRORELL = 3,
FM_QUADRILATERA CELL
FM_PYRAMID_CELL= 5,
FM_PRISM_CELL= 6,
FM_HEXAHEDRONECL = 8

b
FM_u32 FM_cell_type_to_dime nsion(FM_cell_type_enu m ct)
{
const FM_u32 dimension[9] ={0, 1, 2, 3, 2, 3, 3, 0, 3}
if (ct == FM_OTHER_CELL){
FM_ostringstr ~ eam err;
err << "FM_cell_type_to _dimension(FM_OTHER_CE LL) undefined";
throw  std::logic_error( err.str();
}
return  dimension[ct];
}
class FM_mesh_;
class FM_cell public  FM_shared_objec t
{
public:
FM_cell) {
FM_cell(const FM_time<FM_u32>& t, const FM_submesh_id& s)
time(t), submesh_id(s)
FM_cell(const FM_cell& c) time(c.time), submesh_id(c.su  bmesh_id) {}
vitual  FM_cell)  {
FM_time<FM_u32> get_time() const { return time; }
virtual void set time(con st FM_time<FM_u32>& t) { time =1t }

protected:
FM_structured_cell() O

FM_structured_cell(co nst FM_vector<B,FM_u32 >& i)

FM_structured_cell(co nst FM_time<FM_u32>& t, const

indices(i) {

FM_submesh_id & sid,

const FM_vector<B,FM_u32 >& i)
FM_cell(t, sid), indices(i) {3
friend  class FM_structured_mesh_  0_cell_iter_impl<B>;
friend  class FM_structured_mesh_  B_cell_iter_impl<B>;
public:
virtual FM_u32 get_alignment() const
FM_ostringstream err;
err << *this << ":get_alignme nt(): not allowed";
throw std::logic_er ror(err.str());
}
virtual void set_alignment(FM_u3  2)
FM_ostringstream err,
err << *his << "uset_alignme nt(): not allowed";
throw  std::logic_er ror(err.str());
}
virtual FM_u32 get_subid() const
FM_ostringstream err;
err << *this << ":get_subid() not allowed";
throw  std::logic_er ror(err.str());
}
virtual void  set_subid(FM_u32)
FM_ostringstream err;
err << *this << "uset_subid() not allowed";
throw std::logic_er ror(err.str());
}
const FM_u32* get_indices() const { return indices.v(); }
FM_u32 get_index(FM_u 32 k) const { return indices[k]; }
virtual void  set_indices(const FM_u32 if)
for (int j =0; j < B; j++)
indicesl[j] =il
virtual void set_index(FM_u32  k, FM_u32 i) { indices[k] =i}
virtual FM_cell_type_  enum get_type() const
FM_cell_type_enum  res;
switch(get_dimensio n)) {
case O:
res = FM_VERTEX_ELL;
break;
case 1:
res = FM_EDGE_CHL
break;
case 2:
res = is_subsimpl ex() ? FM_TRIANGLE_CEL : FM_QUADRILATERALCELL;
break;
case 3:
res = is_subsimpl ex() ? FM_TETRAHEDRORELL : FM_HEXAHEDRORELL;
break;
default:
res = FM_OTHER_QH,;
}
return  res;
}
virtual FM_u32 get_n_faces(FM_u3 2 k) const

FM_u32 d = get_dimension();

FM_submesh_id get_submesh _id() const { return submesh_id; }
virtual void  set_submesh_ id(const FM_submesh_id & sid) { submesh_id = sid; }
virtual FM_u32 get_dimension() const = 0O;
virtual FM_u32 get_n_faces(FM_u32) const = O;
virtual FM_cell_type_enum  get_type() const = 0O;
virtual bool is_equal_to( const FM_cell&) const = O;
virtual bool is_subsimple x() const { return false; }
virtual std::ostream& str(std::ostre am& o) const = 0;
virtual void
structured_mesh  _vertex_indices(const FM_mesh_*, FM_u32*, FM_u64[]) const
FM_ostringstr ~ eam err;
err << *this << "ustructured_mesh _vertex_indices(): not allowed";
throw  std::logic_error( err.str());
}
protected:
FM_time<FM_u32> time;
FM_submesh_id submesh_id;
b
bool operator==(c onst FM_cell& lhs, const FM_cell& rhs)
return  Ihs.is_equal_to(rh s);
bool operatorl=(c  onst FM_cell& lhs, const FM_cell& rhs)
return  I(hs == rhs);
template  <int B> class FM_structured_m esh_0_cell_iter_impl;
template <int B> class FM_structured_m esh_B_cell_iter_impl;
template  <int B>
class FM_structured_cell public  FM_cell
{

10

return  FM_choose(d, (d - k)) * FM_pow_2(d - K);
}
virtual td::ostream& str(std::c & 0) const
{
switch(get_dimensio n0)) {
case 0:
0 << “V":
break;
case 1:
0 << “E":
break;
case 2:
0 << (is_subsimpl ex() ? "F" "Q");
break;
case 3:
0 << (is_subsimpl ex() ? "T" "H");
break;
default:
0 << "H" << get_dimension(); /I d-cube
}
=0; j <B; j#+) {
>0) o<< " "
o << indices[j];
}
if  (is_subsimplex() ) {
if (++ >0) o<< " %
0 << "subid=" << get_subid();

}



else

}
if

}
if

if  (/(get_dimension()
if (++ >0) o<< " %
o0 << "alignment=" << get_alignment();

0 || get_dimension () == B)) {

}

(time.defined()) {
it (++ >0) o<< " %
0 << "time=" << time;

(submesh_id.defined( N {
if (++ >0 o<< " %
0 << "submesh_id=" << submesh_id;

return 0 << ")

}

protected:
FM_vector<B,FM_ u32> indices;

g

template  <int B> class FM_structured_0 _cell;
template  <int B> class FM_structured_B _cell;

template <int B>

class

{
public:

FM_structured_k  _cell(FM_u32  k, FM_u32 a, const FM_vector<B,FM_u32>& i)
FM_structured  _cell<B>(j),

FM_structured_k  _cell(const

FM_structured_k_cell : public  FM_structured _cell<B>

dimension(k), alignment(a) &

FM_u32 k, FM_u32 a, const FM_vector<B, FM_u32>& i)

FM_structured _cell<B>(t, sid, i), dimension(k), alignment(a) {
virtual FM_u32 get_dimension() const { return dimension; }
virtual void set _dimensio n(FM_u32 d) { dimension = d; }
virtual FM_u32 get_alignment() const { return alignment; }
virtual void set_alignmen t(FM_u32 a) { alignment = a; }

virtual bool is_equal_to( const FM_cell& c) const

{

const FM_structured_k ¢  ellkB>* skc =

if

}
if

dynamic_cast<const FM_structured  _k_cell<B>*>(&c);
(ske)  {

return

time == skc->time  &&

submesh_id skc->submesh_id  &&

dimension ske->dimension &&

alignment == skc->alignment &&

indices == ske->indices;

(dimension == 0)
const FM_structured_0 _cell<B>* sOc =
dynamic_cast<const FM_structured_0_cell<B >*>(&C);
if (sOc) {
return
time == sOc->get_time() &&
submesh_id == sOc->get_subme sh_id() &&
indices == sOc->get_indices( )

}

else if (dimension == B) {

const FM_structured_B _cell<B>* sBc =
dynamic_cast<const FM_structured_B_cell<B >*>(&C);
if (sBc) {
return
time sBc->get_time() &&
submesh_id == sBc->get_subme sh_id() &&
indices == sBc->get_indices( )

}

return  false;

}

virtual void

structured_mesh  _vertex_indices(const

private:

FM_u32 dimension;
FM_u32 alignment;

g

template <int B>

class

{
public:

FM_structured_0 _cell(const

FM_structured_0_cell : public  FM_structured _cell<B>

const FM_vector<B,FM_u32>& i)

FM_structured  _cell<B>(t, sid, i) {}

FM_structured_0  _cell(const

FM_vector<B,FM_u32>& i)

FM_structured  _cell<B>(j)

FM_structured_0  _cell() {

FM_structured_0 _cell(const
FM_structured  _cell<B>(b.time,

FM_base<B,FM_u32>& b)
b.submesh_id, b) {

virtual FM_u32 get_dimension() const { return 0; }

virtual FM_u32 get_n_faces(FM_u32 d) const { return d =07?1: 0; }

virtual FM_cell_type_enum  get_type() const { return FM_VERTEX_CELL;}

FM_time<FM_u32>& t, const FM_submesh_id& sid,

FM_mesh_*, FM_u32*, FM_u64[]) const;

FM_time<FM_u32>& t, const FM_submesh_id& sid,

virtual FM_u32 get_alignment() const { return 0; }
virtual bool is_equal_to(const FM_cell& c) const

const FM_structured _0_cell<B>* sOc =

dynamic_cast<cons t FM_structured_0_cell <B>*>(&c);
if (sOc) {
return
time == sOc->time &&
submesh_id == sOc->submesh _id &&
indices == sOc->indices;

const FM_structured _k_cell<B>*  skc =

dynamic_cast<cons t FM_structured_k_cell <B>*>(&c);
it (skc) {

return

time == skc->get_time() &&

submesh_id skc->get_sub mesh_id() &&

0 == skc->get_dimension() &&

indices == skc->get_indice s();

return  false;

}
virtual void
structured_mesh_verte x_indices(const FM_mesh_*, FM_u32%,

template  <int B>
class FM_structured_B_c el

public  FM_structured_cell< B>

const;

const;

{
public:
FM_structured_B_cell( const FM_time<FM_u32>& t, const FM_submesh_id& sid,
const FM_vector<B,FM_u 32>& i) :
FM_structured_cell< B>(t, sid, i) {
FM_structured_B_cell( const FM_vector<B,FM_u 32>& i)
FM_structured_cell< B>() {}
FM_structured_B_cell( ) {
virtual FM_u32 get_dimension() const { return FM_u32(B);
virtual FM_u32 get_alignment() const { return 0; }
virtual bool is_equal_to(const FM_cell& c) const
{
const FM_structured _B_cellkB>* sBc =
dynamic_cast<cons t FM_structured_B_cell <B>*>(&c);
if (sBc) {
return
time == sBc->time &&
submesh_id == sBc->submesh _id &&
indices == sBc->indices;
const FM_structured _k_cell<B>* skc =
dynamic_cast<cons t FM_structured_k_cell <B>*>(&c);
if (skc) {
return
time == skc->get_time() &&
submesh_id == skc->get_sub mesh_id() &&
FM_u32(B) skc->get_dime nsion()  &&
indices == skc->get_indice s();
return  false;
}
virtual void
structured_mesh_verte x_indices(const FM_mesh_*, FM_u32%,
b
template  <int B>
class FM_structured_sub  simplex : public FM_structured_c ell<B>
{
public:

FM_structured_subsimp lex(FM_u32 d, FM_u32 s,
const FM_vector<B, FM_u32>& i)
FM_structured_cell< B>(i), dimension(d), subid(s) {
FM_structured_subsimp lex(const FM_time<FM_u32>& t,
const FM_submesh_i d& sid,
FM_u32 d, FM_u32 s,
const FM_vector<B, FM_u32>& i) :
FM_structured_cell< B>(t, sid, i), dimension(d), subid(s)
virtual FM_u32 get_dimension() const { return dimension;
virtual void set_dimension(FM_u3 2 d) { dimension = d; }
virtual FM_u32 get_subid() const { return subid; }
virtual void  set_subid(FM_u32 s) { subid =s; }

virtual FM_u32 get_n_faces(FM_u3 2 k) const

{
if (k > dimension)
return  0;
return  FM_choose(di mension + 1, k + 1);
}
virtual bool is_subsimplex() const { return true; }
virtual bool is_equal_to(const FM_cell& c¢) const

const FM_structured _subsimplex<B>* ss =
dynamic_cast<cons t FM_structured_subsim  plex<B>*>(&c);
if (ss)

11



return
time == ss->time &&
submesh_id == ss->submesh_id = &&
dimension == ss->dimension &&
subid == ss->subid  &&
indices == ss->indices;
return  false;
}
virtual void
structured_mesh  _vertex_indices(const FM_mesh_*, FM_u32*, FM_u64[]) const;
private:
FM_u32 dimension;
FM_u32 subid;
h
class  FM_unstructured_cell public  FM_cell
{
public:
const FM_u32 dimension;
const FM_u64 index;
FM_unstructured  _cell(const FM_time<FM_u32>& t, const FM_submesh_id& s,

FM_u32 d, FM_u64 i)

FM_cell(t, s), dimension(d), index(i) {3

FM_unstructured  _cell(const FM_unstructured_cell & uc, FM_u32 d, FM_u64 i)
FM_cell(uc), dimension(d), index(i) {
virtual FM_u32 get_dimension() const { return dimension; }
b
class FM_unstructured_simpl ex : public FM_unstructured_cell
{
public:
FM_unstructured  _simplex(const FM_time<FM_u32>& t, const FM_submesh_id& s,
FM_u32 d, FM_u64 i)
FM_unstructur  ed_cell(t, s, d i) {
FM_unstructured  _simplex(const FM_unstructured_s  implex& us,
FM_u32 d, FM_ué4 i)
FM_unstructur  ed_cell(us, d ) {
virtual FM_cell_type_enum  get_type() const
{
const FM_cell_type_enum  types[4] =1
FM_VERTEX_CELL, FM_EDGE_CELL, FM_TRIANGLE_ELL, FM_TETRAHEDRONECL
return  dimension <= 3 ? types[dimension] FM_OTHER_CHL
}
virtual FM_u32 get_n_faces(FM_u32 k) const
return  FM_choose(dimens ion + 1, k + 1);
}
virtual bool is_equal_to( const FM_cell& c) const
{
const FM_unstructured_s  implex* us =
dynamic_cast<const FM_unstructur  ed_simplex*>(&c);
0) return false;
time == us->time &&
submesh_id == us->submesh_id &&
dimension us->dimension &&
index == us->index;
}
virtual std::ostream& str(std::ostre am& o) const
{
const char letters[] = "VEFT";
if (dimension < 4)
0 << letters[dimensio nj;
else
0 << "S" << dimension;
0 << "(" << index;
if (time.defined())
0 << ", time=" << time;
if (submesh_id.defined( )
0 << ", submesh_id=" << submesh_id;
return o << ")
}
b
class FM_unstructured_pyram id public  FM_unstructured_cell
{
public:
FM_unstructured  _pyramid(const FM_time<FM_u32>& t, const FM_submesh_id& s,
FM_u64 i) :
FM_unstructur  ed_cell(t, s, 3, 0) {
FM_unstructured  _pyramid(const FM_unstructured_c  ell& uc, FM_u64 i)
FM_unstructur  ed_cell(uc, 3, i)
virtual FM_cell_type_enum  get_type() const { return FM_PYRAMID_CELL;}
virtual FM_u32 get_n_faces(FM_u32 k) const
{
const FM_u32 n_faces[] ={4, 8, 5 1}
return  k <= 3 ? n_faces[k] © 0
}
virtual std::ostream& str(std::ostre amé& o) const
0 << "P(" << index;
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if  (time.defined())

0 << ", time=" << time;
if (submesh_id.defi ned())
0 << ", submesh_id=" << submesh_id;
return 0 << ")
}
virtual bool is_equal_to(const FM_cell& c) const
const FM_unstructur ed_pyramid* up =
dynamic_cast<cons t FM_unstructured_pyra mid*>(&c);
if (up == 0) return false;
return
time == up->time &&
submesh_id == up->submesh_id &&
index == up->index;
}
h
class FM_unstructured_p  rism public  FM_unstructured_ce Il
public:
FM_unstructured_prism (const FM_time<FM_u32>& t, const FM_submesh_id& s,
FM_u64 i)
FM_unstructured_cel  Itt, s, 3, i) {
FM_unstructured_prism (const  FM_unstructured _cell& uc, FM_u64 i)
FM_unstructured_cel I(uc, 3, i) §
virtual FM_cell_type_ enum get_type() const { return FM_PRISM_CEL; }
virtual FM_u32 get_n_faces(FM_u3 2 k) const
{
const FM_u32 n_faces]] = {6, 9, 5 1}
return  k <= 3 ? n_faces[k] © 0
}
virtual td::ostream& str(std::c & 0) const
{
0 << "W(" << index; /I "Wedge"
if  (time.defined())
0 << ", time=" << time;
if (submesh_id.defi ned())
0 << ", submesh_id=" << submesh_id;
return o << ")
}
virtual bool is_equal_to(const FM_cell& c) const
const FM_unstructur ed_prism* up =
dynamic_cast<cons t FM_unstructured_pris m*>(&c);
if (up == 0) return false;
return
time == up->time &&
submesh_id == up->submesh_id &&
index == up->index;
}
h
class FM_unstructured_h  exahedron public  FM_unstructur  ed_cell
{
public:
FM_unstructured_hexah  edron(const FM_time<FM_u32>& t, const FM_submesh_id&
FM_u64 i) :
FM_unstructured_cel It, s, 3 ) {
FM_unstructured_hexah  edron(const FM_unstructured_cell & uc, FM_u64 i)
FM_unstructured_cel I(uc, 3, i)
virtual FM_cell_type_  enum get_type() const { return FM_HEXAHEDROCELL; }
virtual FM_u32 get_n_faces(FM_u3 2 k) const
const FM_u32 n_faces]] = {8, 12, 6, 1}
return  k <= 3 ? n_faces[k] © 0
}
virtual td::ostream& str(std::c & 0) const
{
0 << " << index;
if (time.defined())
0 << ", time=" << time;
if (submesh_id.defi ned())
0 << ", submesh_id=" << submesh_id;
return o << ")
}
virtual bool is_equal_to(const FM_cell& c) const
const FM_unstructur ed_hexahedron* uh =
dynamic_cast<cons t FM_unstructured_hexa  hedron*>(&c);
if (uh == 0) return false;
return
time == uh->time &&
submesh_id == uh->submesh_id &&
index == uh->index;
}
b
*
* Copyright (c) 2000
* Advanced Management Technology, Incorporated
*
* Permission is hereby granted, free of charge,
* to any person obtaining a copy of this software
* and associated  documentation  files  (the "Software"),
* to deal in the Software without restriction,



including without  limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,
subject to the following conditions:

The above copyright notice and this permission
notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARHS PROVIDED"AS 1S", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMENT.IN NO
EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, = WHETHER
IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN  CONNECTIONWITH THE SOFTWAREDR
THE USE OR OTHERDEALINGS IN THE SOFTWARE.
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*
#endif

/I Emacs mode -*-C++-*- n
#ifndef _FM_COMBINATORIS_H_
#define _FM_COMBINATORIS_H_
e

* NAME: FM_combinatori cs.h
*

* WRITTEN BY:

* Patrick ~ Moran
*

#include  <vector>
#include  "FM_vector.h"

template  <typename T>
void FM_swap(T* Ihs, T* rhs)

T tmp = *lhs;
*lhs = *rhs;
*rhs = tmp;

}

template  <typename T>
T FM_fact(T n)
{

T res
for (T i

template  <typename T>
T FM_choose(T b, T k)
{

const T LUT_SIZE = 4;

pmoran@nas.na sa.gov

const char IutfLUT_SIZE]|[LUT_SIZ E] =
{
{1, 0, 0, 0},
{1, 1, 0, 0}
{1, 2, 1, 0}
{1, 3, 3, 1}
I
Il assert(k <= b);
retun b < LUT_SIZE ?
T(lut{b]K]) : FM_fact(b) / (FM_factb - k) * FM_fact(k));

template  <int B>
void FM_choose_choices( FM_u32 k,

std::vector< FM_vector<B,bool> >* choices)

{
int i, ik = int(k);
assert(ik <= B);
FM_u32 n_choices = FM_choose(FM_u32(B), k);
choices->resize(n_cho ices);
int indices[B  + 1J;
for (i =0; i <ik i++)
indicesli] =
indices[k] = B;
FM_vector<B,bool> all_false, choice;
for (i =0; i <B; i++)
all_false[i] = false;
for (FM_u32 c¢ = 0; c < n_choices; c++) {
choice = all_false;
for (i =0; i <ik i++)
choice[indices[i] 1 = true;
(*choices)[c] = choice;
for (i =ik - 1, i >=0; i)
if (indicesli] + 1 < indicesli + 1) {
indicesl[i]++;
for (int j =i +1; j <ik j++)
indicesl[j] = indices[j -1+ L
break;
}
}
}
}
template  <typename T>
inine T FM_pow_2(T i)
return 1 << i;
template  <typename T>
inline int  FM_sign(T i)
retun i = T0O) ?20: (i >T0O ?1: -1);

template  <typename T>
inline T FM_abs(T t)
{

return  t >= T(0) ?t : -
template  <typename T>
inline T FM_min(T Ihs, T rhs)
{

return lhs < rhs ? |hs : rhs;

template <int N, typename T>

bool FM_odd(const FM_vector<N,T>&
T sum = v[0];
for (int i =1; i < N; i++)
sum += V[i|;

return  (sum & 1) ? true : false;
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Copyright  (c) 2000
Advanced Management Technology, Incorporated

Permission is hereby granted, free of charge,

to any person obtaining a copy of this software

and associated documentation files (the "Software"),
to deal in the Software without restriction,

including without  limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,
subject to the following conditions:

notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARHES PROVIDED"AS IS", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMENT.IN NO
EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, =~ WHETHER
IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN. CONNECTIONWITH THE SOFTWAREDR

*
*

*

*

*

*

*

*

*

*

*

*

*

* The above copyright notice and this permission
*

*

*

*

*

*

*

*

*

*

*

* THE USE OR OTHERDEALINGS IN  THE SOFTWARE.
*

#endif
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/I Emacs mode -*-C++-*- n
#ifndef _FM_CONSTANT_FELD_H_
#define _FM_CONSTANT_RELD_H_
I

* NAME: FM_constant_fi  eld.h
*

* WRITTEN BY:

* Patrick ~ Moran
*

#include  "FM_field.h"

pmoran@nas.na sa.gov

template <int B, int D, typename T>
class FM_constant_field : public FM_field<B,D ,T>

{
public:
const T constant;

FM_constant_field(con st FM_ptr<FM_mesh<B,D> >& m, const T& c, int
FM_properties_  cache* pc = 0)
FM_field<B,D,T>(m, na, pc),
constant(c) &

virtual std::ostream& str(std::ostream& 0) const

return o << "FM_constant_field <" << B<<"" << D<<"
<< typeid(T).name() << ">

}

virtual int at_cell(const FM_cell* ¢, std:vector<T>* vals)  const
{
std::vector<FM_ptr< FM_cell> > faces =
mesh->faces(c, node_associat ion_index);
for (size_t i =0; i < faces.size(); i++)
vals->push_back(c  onstant);
return  FM_OK;
}

virtual int  at_cell(const FM_cell* ¢, T* vals) const
{
std::vector<FM_ptr< FM_cell> > faces =
mesh->faces(c, node_associat ion_index);
for (size_t i =0; i < faces.size(); i++)
vals[i] = constant;
return  FM_OK;

Copyright  (c) 2000
Advanced Management Technology, Incorporated

Permission is hereby granted, free of charge,

to any person obtaining a copy of this software

and associated  documentation  files  (the "Software"),
to deal in the Software without  restriction,

including without  limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,
subject to the following conditions:

notice shall be included in all copies or substantial
portions  of the Software.

THE SOFTWARHES PROVIDED"AS IS", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILTY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMET. IN NO
EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, = WHETHER

IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN  CONNECTIONWITH THE SOFTWAREDR

*
*

B

B

*

B

B

*

*

*

*

*

*

* The above copyright notice and this permission
B

B

B

B

B

*

*

*

*

*

*

* THE USE OR OTHERDEALINGS IN THE SOFTWARE.
*

#endif

na,



/I Emacs mode -*-c++-*-  //
#ifndef _FM_CONTEXT_H_
#define  _FM_CONTEXT_H_
*

* NAME: FM_context.h
*

* WRITTEN BY:

* Patrick ~ Moran
*

#include  "FM_cell.h"

pmoran@nas.nasa.g ov

class FM_context
{
public:
FM_context()
simplicial_de composition(0),
locate_verbos ity(0),
locate_effort ()]

FM_u32 simplicial_decompo sition;
FM_ptr<FM_cell>  last_cell;
FM_u32 locate_verbosity;

FM_u32 locate_effort;

Copyright  (c) 2000
Advanced Management Technology, Incorporated

Permission is hereby granted, free of charge,
to any person obtaining a copy of this software

and associated documentation files (the "Software"),

to deal in the Software without restriction,

including without  limitation the rights to use,
copy, modify, merge, publish, distribute,
and/or sell copies of the Software, and to permit

persons to whom the Software is furnished to do so,

subject to the following conditions:

notice shall be included in all copies or substantial

portions  of the Software.

THE SOFTWARHS PROVIDED"AS 1S", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMENT.IN NO
EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, =~ WHETHER
IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN CONNECTIONWITH THE SOFTWAREDR

*
B

B

B

B

B

*

*

*

*

*

*

B

* The above copyright notice and this permission
B

B

B

*

*

*

*

*

B

B

B

* THE USE OR OTHERDEALINGS IN THE SOFTWARE.
B

#endif

sublicense,
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/I Emacs mode -*-c++-*- n
#ifndef _FM_CORE_FIELDH_
#define _FM_CORE_FIELDH
I

* NAME: FM_core_field. h
*

* WRITTEN BY:

* Patrick  Moran
*

#include  "FM_field.h"

template <int B, int D, typename T>
class FM_core_field : public FM_field<B,D,T:

{
public:

FM_core_field(const FM_ptr<FM_mesh<B,D>

pmoran@nas.na sa.gov

>

>& mesh,

FM_u32 na, FM_properties_cach  e* pc)

FM_field<B,D,T>(mes h, na, pc) {}

virtual std::ostream& str(std::ostream&
return o << "FM_core_field<" << B <<
typeid(T).name() << "S

template <int B, int D, typename T>
class FM_core_field_T_I ayout;

template <int B, int D, typename T>
std::pair<T,T >
FM_get_min_ma x_aux(const ~ FM_ptr<FM_core_fiel

0) const

"o D << " o<<

d  _T_layout<B,D,T> >& field,

const FM_time<FM_u32>* t, const FM_submesh_id*
const FM_true_type&);
template <int B, int D, typename T>
class FM_core_field_T_| ayout : public FM_core_field<B,D ,T>
{
public:
const T* const data;
const bool delete_suppression;
FM_core_field_T_layou t(const  FM_ptr<FM_mesh<B,D> >& m,
const T* d, FM_u32 na, bool ds,
FM_properties_cache* pc =0) :
FM_core_field<B,D,T  >(m, na, pc),
data(d), delete_suppression(ds )
virtual “FM_core_fiel  d_T_layout()
if (Idelete_suppres sion)
delete [] data;
}
virtual std::pair<T, T > get_min_max(const FM_time<FM_u32>* t = 0,
const FM_submesh_id* sid = 0)
return  FM_get_min_m ax_aux(this, t, sid, FM_traits<T >:is_scalar());
virtual int at_cell(const FM_cell* ¢, std:vector<T>* vals)  const
{
std::vector<FM_ptr< FM_cell> > faces =
mesh->faces(c, node_associat ion_index);
for (size_t i = 0; i < faces.size(); i++)
vals->push_back(d  ata[mesh->cell_to_enum (facesli])]);
return  FM_OK;
}
virtual int at_cell(const FM_cell* ¢, T* vals) const
{

std::vector<FM_ptr<
mesh->faces(c,
for (size_t i = 0; i < faces.size();
vals[i] = data[mesh->cell_to
return FM_OK;
}
%

template <int B, int D, typename T>

std::pair<T, T >

FM_get_min_ma x_aux(const ~ FM_ptr<FM_core_fiel
const FM_time<FM_u32>*
const FM_true_type& tt)

{
bool blank_checking;
field->get_simple_val ue("blank_checking",
if  (blank_checking)
return  FM_get_min_m ax_aux(field, t, s
std::pair<T,T> min_max(field->da ta[0],
const T* d = field->data + 1;
const T* e = field->data +
field->mesh->get_ca rd(field->node_associa
while  (d = e) {
if (*d < min_max.first)
min_max.first = *d;
else if (*d > min_max.second)
min_max.second = *d;
d++;
) "
return  min_max;
}
/I "Classic" meaning based on structured

template <int B, int D, typename T>
class FM_classic_core_f ield_T_layout : pul

FM_cell> > faces =
node_associat ion_index);

i++)

_enum(faces[i])];

sid,

const

d _T_layout<B,D,T> >& field,

t, const FM_submesh_id*

&blank_chec  king);

id, tt);
field->data[0] )
tion_index);

mesh, and node association

blic  FM_core_field_T_layo

sid,

index

ut<B,D,T>

of



{
public:

FM_classic_core  _field_T_layout
(const FM_ptr<FM_structur ~ ed_mesh<B,D> >& m, const T* d, bool
FM_properties_  cache* pc = 0)

FM_core_field _T_layout<B,D,T>(m, d, 0, ds, pc)
&
virtual int
at_cell(const FM_cell* ¢, std:vector<T>* vals)  const

FM_u32 n_indices;
FM_u64 indices[1 << BJ;

c->structured _mesh_vertex_indices( mesh, &n_indices, indices);
if (n_indices == 1)
vals->push_back(data[ indices[0]]);
else
FM_u32 previous_size = vals->size();
vals->resize(previous _size + n_indices);
T* dst = &(*vals)[pre  vious_size];
for (FM_u32 i = 0; i < n_indices; i) {
*dst++ = data[indicesli]];
}
}
return  FM_OK;
}
virtual int
at_cell(const FM_cell* ¢, T* vals) const

FM_u32 n_indices;
FM_u64 indices[1 << BJ;

c->structured _mesh_vertex_indices( mesh, &n_indices, indices);
for (FM_u32 i = 0; i < n_indices; i++)
valsli] = datafindice  s[i]];
return FM_OK;
}
%
*

Copyright  (c) 2000
Advanced Management Technology, Incorporated

Permission is hereby granted, free of charge,

to

any person obtaining a copy of this software

and associated documentation files (the "Software"),

to

deal in the Software without restriction,

including without  limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,
subject to the following conditions:

notice shall be included in all copies or substantial
portions  of the Software.

THE SOFTWARHS PROVIDED"AS 1S", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMENT.IN NO
EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, =~ WHETHER

IN

AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING

FROM, OUT OF OR IN  CONNECTIONWITH THE SOFTWAREDR
THE USE OR OTHERDEALINGS IN THE SOFTWARE.

*
*
*
*
B
*
*
*
*
*
B
B
B
* The above copyright notice and this permission
B
B
*
*
*
*
*
*
*
B
*
*
B
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/I Emacs mode -*-C++-*- n
#ifndef _FM_CURVILINEAR MESH_H_
#define _FM_CURVILINEAR MESH_
I

* NAME: FM_curvilinear ~ _mesh.h
*

* WRITTEN BY:

* Patrick  Moran pmoran@nas.na sa.gov
*

#include  <algorithm>

#include  <queue>

#include  "FM_structured _mesh.h"

#include  "FM_orient.h"

#include  "FM_functional  .h"

template <int B, int D> class FM_curvilinear_ mesh;

template <int B, int D>

int  FM_curvilinear_mesh  _adaptive_vertex_walk
(const  FM_curvilinear_m  esh<B,D>* cm,
const FM_phys<D>& p,

const FM_structured_0_  cell<B>& initial, FM_structured_  0_cell<B>*

FM_vector<D,FM_coord>  cv;

FM_structured_0_cell< B> current = initial;
int res = cm->at_cell (&current, &cv);
if (res != FM_OK)
return  res;
FM_coord current_dist ance = FM_distance2(p, cv);
FM_coord  stride_size = FM_coord(0.1);
FM_vector<B,FM_u32>  stride;
int d;
for (d =0; d < B; d++)
stride[d] = FM_u32(FM_coord(cm ->dimensions[d]) * stride_size);
if  (stride[d] == 0)
stride[d] =1

}
for () {

bool making_progres s = true;

while  (making_progr ess) {

FM_coord post_step_distance, best_post_step_dista nce = current_distance

FM_structured_0_c  ell<B> post_step;
post_step.set_tim e(initial.get_time());
FM_vector<B,FM_u3 2> best_post_step_indi ces;

for (d =0; d<B; d++) {

if  (stride[d] == 0)
continue;
if  (stride[d] <= current.get_index(d) ) {
post_step.set  _indices(current.get_i ndices());
post_step.set  _index(d,  current.get_ index(d) - stride[d]);
res = cm->at_cell(&post_ step,  &cv);
if (res = FM_OK)
return  res;
post_step_dis tance = FM_distance2(p , cv);
if (post_step_distance < best_post_step_dista nce) {
best_post_s tep_distance = post_step_distanc e;
best_post_s tep_indices = post_step.get_indi ces();
}
}
if  (stride[d] + current.get_index(d) < cm->dimensions[d])
post_step.set  _indices(current.get_i ndices());
post_step.set  _index(d, stride[d] + current.get_index(d))
res = cm->at_cell(&post_ step,  &cv);
if (res != FM_OK)
return  res;
post_step_dis tance = FM_distance2(p , cv);
if (post_step_distance < best_post_step_dista nce) {
best_post_s tep_distance = post_step_distanc e;
best_post_s tep_indices = post_step.get_indi ces();
}
}
}
making_progress = best_post_step_distan ce < current_distance

if (making_progre ss)
current.set_ind ices(best_post_step_in dices.v());
current_distanc e = best_post_step_dis tance;

}

bool has_a_non_zero _stride = false;
for (d =0; d < B; d++) {
stride[d] = 2
if  (stride[d] > 0)
has_a_non_zero_ stride = true;

if (thas_a_non_zero _stride)

break;
final->set_time(initi al.get_time());
final->set_submesh_id (initial.get_submesh_i d();
final->set_indices(cu rrent.get_indices());

return  FM_OK;

/I The generic FM_curvilinear_mesh <B,D> class.

"

template <int B, int D>

class FM_curvilinear_me  sh : public  FM_structured_mesh<B D>

protected:
/I Note:  curvilinear _mesh_initialize() needs to be called
/I the derived classes that define at_cell so this routine

by



/I has the option vertex  coordinates of the

/I initializati on.
void curvilinear_mesh_ini

of accessing as part

tialize()
FM_vector<B,F M_u32> initial_locati

initial_locat ion /= 2;
initial_locat ions.push_back(initia

on = dimensions;

I_location);

public:

FM_curvilinear_  mesh(const FM_vector<B,FM_u32>& dimensions,
FM_properties_ca che* pc = 0)

FM_structured _mesh<B,D>(dimensions , pc),

bounding_box_ valid(false)

virtual std::ostream& str(std::ostre am& o) const
return o << "FM_curvili near_mesh<" << B << "" << D << ">
}
virtual int
phys_to_cell(co nst FM_phys<D>&, FM_context*, FM_ptr<FM_ce II>*) const
FM_ostringstr ~ eam err;
err << *this << ":phys_to_cell(): not defined";
throw  std::logic_error( err.str());
}
virtual int
adaptive_vertex  _walk(const FM_phys<D>& p,
const FM_structured_0_cell <B>& initial,
FM_structured_0 _cell<B>* final) const
return  FM_curvilinear_m  esh_adaptive_vertex_wa Ik(this, p, initial, final);
protected:

/I assume we do not need a mutex for these mutable members
mutable  std:pair<FM_vect or<D,FM_coord>,FM_vect  or<D,FM_coord>
mutable bool bounding_box _valid;

private:
std::vector<FM_ vector<B,FM_u32> > initial_locat ions;
b
"
/I FM_curvilinear ~ _mesh<3,3> defines hexahedral and tetrahedral walk
/I point location methods.
I
template <>
class FM_curvilinear_mesh<3 3> public  FM_structured_mesh<  3,3>
protected:
/I Note:  curvilinear_mes h_initialize() needs to be called by
Il the derived classes that define at_cell so this routine
/I has the option of accessing vertex coordinates as part of the
/I initializati on.
void  curvilinear_mesh_ini tialize()
{
/I choose initial positions for starting searches for a close vertex
/I choose center of each of the 6 mesh faces as FEL1 does
FM_u32 dim0_050 = (dimensions[0] -1 72
FM_u32 dimOm1 = dimensions[0] - L
FM_u32 dim1_050 = (dimensions[1] -1 /2
FM_u32 dimliml = dimensions[1] -1
FM_u32 dim2_050 = (dimensions[2] -1 /2
FM_u32 dim2m1 = dimensions[2] -1
int d;
FM_vector<3,F M_u32> initial_locati on;

for (d =0; d < 3 d++)
initial_location[d] = dimensions[d] /2

initial_locat ions.push_back(initia I_location);
initial_locat ions.push_back(FM_vec  tor<3,FM_u32>(dim0_05 0, dim1_050, 1));
initial_locat ions.push_back

(FM_vector<3,FM_u32>(  dim0_050, dim1_050, dim2m1));

initial_locat ions.push_back(FM_vec  tor<3,FM_u32>(dim0_05 0, 1, dim2_050));
initial_locat ions.push_back
(FM_vector<3,FM_u32>(  dim0_050, dimim1, dim2_050));
initial_locat ions.push_back(FM_vec  tor<3,FM_u32>(1, dim1_050, dim2_050));
initial_locat ions.push_back
(FM_vector<3,FM_u32>(  dimOm1, dim1_050, dim2_050));
}
public:
FM_curvilinear_  mesh(const FM_vector<3,FM_u32>& dimensions,
FM_properties_ca che* pc = 0) :
FM_structured _mesh<3,3>(dimensions , pc),
bounding_box_ valid(false)
virtual std::ostream& str(std::ostre amé& o) const
return o << "FM_curvili  near_mesh<3,3>";
}
virtual int
adaptive_vertex _walk(const FM_phys<3>& p,
const FM_structured_0_cell <3>& initial,
FM_structured_0 _cell<3>* final) const
return  FM_curvilinear_m  esh_adaptive_vertex_wa Ik(this, p, initial, final);
int  hexahedral_walk_locat e(const FM_phys<3>& p,
const FM_ptr<FM_stru ctured_cell<3> >& initial,

FM_context*  ctxt,

> bounding_box;
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FM_ptr<FM_cell>*  ¢) const
{

FM_ostringstream verbose_prefi  x;
if (ctxt->locate_ve rbosity >0) {

verbose_prefix << *this << ":hexahedra |_walk_locate(" << p <<,

initial << ")) ;

std::cout << verbose_prefix. str() << std::endl;
assert(initial->get _dimension() == 3);
FM_vector<3,FM_u32> indices = initial->get_indices( )
FM_u32 face = 0;
FM_u32 faces_tested =0
FM_u32 total_faces_ tested = O;
FM_u32 total_faces_  tested_threshold =

2 * (dimensions[0 ] + dimensions[1] + dimensions[2 ]);
bool suppressed_ste p_off mesh = false;
FM_vector<3,FM_coor d> cv[8];

FM_u32 even_odd =
FM_simplicial_dec

int res;

while  (faces_tested
total_faces_teste

if (total_faces_t

if (ctxt->locat
std::cout
"stuck,

return

}

*¢ = new FM_structured_B_cel

res = at_cell(*c,
if (res I=

int  orientation
FM_orient(cv[FM

bool outside

if (ctxt->locate_
std::cout

omposition_odd(indices ,
ctxt->simplicial_

<6) {

d += 1;

ested > total_faces_te
e_verbosity > 0)

sted_threshold) {

<< verbose_prefix.str() <<
giving up" << std:endl;
FM_POINT_LOCATE_STCK;

1<3>(initial->get_tim e(),
initial->get_sub mesh_id(),
indices);

cov);

FM_OK) return  res;

_hexahedron_face[even_ odd][face][0]],
cv[FM_hexahedron _face[even_odd][face] [,
cv[FM_hexahedron _face[even_odd][face] 21,
cv[FM_hexahedron _face[even_odd][face] [311
p);
= orientation <0

verbosity > 1)
<< verbose_prefi  x.str() << *¢ << ", face: << face <<

", " << FM_orientation_n ames]orientation + 1] << std:endl;

it (outside) {

/I step to next hexahedron, if step does not take us off mesh
FM_u32 axis = face / 2;

bool low_side = !bool(face & 1);

if  (low_side)

if (indices[axis]

== 0)

suppressed_ step_off_mesh = true;
goto next_hexahedron_f  ace;
}
indices[axis] = 1
}
else {
if (indices[axis] == dimensionsfaxi s] - 2) {
suppressed_ step_off_mesh = true;
goto next_hexahedron_f ace;
}
indices[axis] +=1;
even_odd "= 1,
face = face
faces_tested = 0;
suppressed_step _off mesh = false;
}
next_hexahedron_fac  e:
face = (face + 1) %6;
faces_tested +=1;
}
ctxt->last_cell = *c;
if ('suppressed_ste p_off_mesh) {
res = FM_OK;
if  (ctxt->simplic ial_decomposition) {
FM_ptr<FM_struc tured_B_cell<3> > sc = *c;
res = phys_to_subsimplex(p , sc, ctxt, c)
}
}
else

res = FM_POINT_LGCATE_WALKED_OFF_MESH;

if (ctxt->locate_ve
std::cout
quadrilateral

if (ctxt->locate_ve
std::cout

res << std:endl;

return res;

int tetrahedral_walk_

FM_ostringstream
if (ctxt->locate_ve
verbose_prefix

<< verbose_prefix.

<< *this

rbosity > 1)
str() << "tested
s" << std:endl;

<< total_faces_tested

rbosity > 0)
<< verbose_prefix. str) << *¢ << ", returning "o<<
locate(const FM_phys<3>& p,
const FM_ptr<FM_structure  d_cell<3>  >& initial,
FM_context*  ctxt,
FM_ptr<FM_cell> * c) const

verbose_prefi  x;

rbosity > 0)

<< "utetrahedr al_walk_locate(" < p<<o"

decomposition) ?1:



*initial << ") "

std::cout << verbose_prefix.str( ) << std:endl;

assert(initia |I->get_dimension() == 3);
FM_vector<3,F M_u32> indices = initial->get_in dices();
FM_u32 subid;
if  (initial->is_subsimp lex()
subid = initial->get_ subid();
else
subid =
IFM_simplicial_deco mposition_odd
(indices, ctxt->simplicial_dec omposition) ?4: 09
bool new_cell = true;
FM_u32 face = 0;
FM_u32 faces_tested =0
FM_u32 total_faces_test ed = 0;

FM_u32 total_faces_test

bool
FM_vector<3,F M_coord>
int

while

next_subtetra

if

ed_threshold =
] + dimensions[1]
f_mesh = false;
cv[8];

4 * 5 * (dimensions[0
suppressed_step_of

+ dimensions[2

res;
(faces_tested < 4) {
total_faces_tested += 1;
if (total_faces_teste d > total_faces_tested
if (ctxt->locate_ve rbosity > 0)

_threshold) {

std::cout << verbose_prefix. str() <<
"stuck, trying hexahedral_walk_locate << std::endl;
return  hexahedral_w alk_locate(p, initial, ctxt, c);
}
if  (new_cell) {

*¢ = new FM_structured_B_cell< 3>(initial->get_time( )
initial->get_subme sh_id(),
indices);

res = at_cell(*c, cv);

if (res = FM_OK) return res;

new_cell = false;

}
int  orientation =
FM_orient(cv[FM_sub  tetrahedron_face[subid ][face][0]],
cv[FM_subtetrahedron  _face[subid][face][1] 1,
cv[FM_subtetrahedron  _face[subid][face][2] 1
p);
bool outside = orientation < 0
if (ctxt->locate_verb osity > 1)
std::cout << verbose_prefix.st r) << *c << ", subid: " <<
subid << ", face: << face << ", " <<
FM_orientation_na  mes[orientation + 1] << std:endl;
if (orientation == 0)
return  hexahedral_w alk_locate(p, *c, ctxt, c);

if (outside) {

/I step to next tetrahedron, if step does not take us off mesh
FM_u32 axis = FM_tetrahedron_s tep[subid][face].axis H
switch(FM_tetrahedr on_step[subid][face].d in {
case O0:
break;
case -l
if (indices[axis] == 0) {
suppressed_step _off_mesh = true;
goto next_subtetrahedron_f ace;
indices[axis] = 1;
new_cell = true;
break;
case 1:
if  (indices[axis] dimensions[axis] -2 {

suppressed_step _off_mesh = true;
goto next_subtetrahedron_f ace;
indices[axis] += 1;
new_cell = true;
break;
default:
abort();
}
FM_u32 prev_subid = subid;
FM_u32 prev_face = face;

subid = FM_tetrahed
face = FM_tetrahedr
faces_tested =0;

suppressed_step_off

ron_step[prev_subid][p
on_step[prev_subid][pr

rev_face].subsimplex;
ev_face].subsimplex_f

_mesh = false;
hedron_face:

+1) &3
+= 1;

face = (face
faces_tested

(!suppressed_step_of
if  (ctxt->simplicial_

f_mesh) {
decomposition)

*c = new FM_structured_subsimp  lex<3>((*c)->get_time 0.
(*c)->get_subm  esh_id(),
3, subid, indices);
res = FM_OK;
else

ctxt->last_ce I

if

if

res = FM_POINT_LOCATEWALKED_OFF_MESH;
= *c;

(ctxt->locate_verbos ity > 1)

std::cout << verbose_prefix.str(
" triangles” << std:endl;
(ctxt->locate_verbos ity

) << "tested " << total_faces_te

> 0)

ace;

sted <<
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std::cout

<< verbose_prefix. str) << *c << ", returning

res << std:endl;

return  res;
}
virtual int
phys_to_cell(const FM_phys<3>& p, FM_context* ctxt, FM_ptr<FM_ce lI>* c) const
{
FM_ostringstream verbose_prefi  x;
if (ctxt->locate_ve rbosity > 0)
verbose_prefix << *this << "iphys_to_c ell(" << p <<™): "
std::cout << verbose_prefix. str() << std:endl;
}
int res;
FM_u32 axis;
while (1)
/I if we have a previous cell, try walking from there
if (ctxt->last_ce )]
if  (ctxt->locat e_verbosity > 0)
std::cout << verbose_prefix.str() << "starting from last_cell "o<<
*ctxt->last _cell << std:endl;
res = tetrahedral_walk_loc ate(p,  ctxt->last_cel I, ctxt, c);
if (res == FM_OK) break;
}
I first test against bounding box
if  ('bounding_box  _valid)
(void)  get_bounding_box();
bool outside = false;
for (axis = 0; axis < 3; axist+) {
if  (/(bounding_  box.first[axis] <= plaxis] &&
plaxis] <= bounding_box.second[ axis])) {
res = FM_POINT_OUTSIDE_BUNDING_BOX;
outside = true;
break;
}
}
if  (outside) break;
/I put initial locations in priority queue (pq), ordered by
/I distance to p (closest to farthest); adaptive  vertex  walk,
/I then tetrahedral walk from each unique adaptive walk destination
/I untl  success or queue is empty
typedef  std::pair<FM_coord,F M_vector<3,FM_u32> > pg_element;
typedef  std::vector<pq_eleme nt> pg_impl;
typedef  FM_first_greater_pre d<pq_element> pq_pred;
std::priority_que ue<pq_element,pg_impl, pg_pred>
initial_locatio ns_priority_queue;
FM_structured_0_c  ell<3> v;
Il v.set_time
/il priority queue
for (FM_u32 i = 0; i < initial_location s.size(); i++) |
v.set_indices(i nitial_locations[i].v( )
FM_vector<3,FM_ coord> cv;
res = at_cell(&v, &cv);
if (res != FM_OK) break;
FM_coord d2 = FM_distance2 (p, cv);
initial_locatio ns_priority_queue.push
(std::make_pa ir(d2, initial_locatio ns[i]));
}
if (res != FM_OK) break;
/I walk from each location in queue
std::vector<FM_ve ctor<3,FM_u32> > adaptive_walk_d estinations;
while  (linitial_I ocations_priority_queu e.empty())
v.set_indices(i nitial_locations_prior ity_queue.top().secon d.v();
initial_locatio ns_priority_queue.pop( H
FM_structured_0 _cell<3> adaptive_walk _destination;
res = adaptive_vertex_walk (p, v, &adaptive_walk _destination);
if (res != FM_OK) break;
/I do not repeat tetrahedral walk if already done from this
/I adaptive vertex walk destination -- i.e, been there, done that
if (std:find(a daptive_walk_destinati ons.begin(),
adaptive_wal  k_destinations.end(),
adaptive_wal k_destination.get_ind ices()) I=
adaptive_wa Ik_destinations.end())
continue;
adaptive_walk_d  estinations.push_back
(adaptive_wal  k_destination.get_indi ces());
/I step back if necessary from boundary before constructing hexahedron
FM_vector<3,FM_ u32> indices = adaptive_walk_des tination.get_indices() H
for (axis = 0; axis < 3; axist+) {
if (indices[axis] == dimensionsfaxi s] - 1)
indices[axi s]-;
FM_ptr<FM_struc tured_cell<3> > initial_cell =
new FM_structured_B_cell <3>(indices);
res = tetrahedral_walk_loc ate(p, initial_cell, ctxt, c);
if (res == FM_OK) break;
}
break;
}
if (ctxt->locate_ve rbosity > 0)
std::cout << verbose_prefix. str() << "returning << res << std:endl;
return  res;
}
protected:
/I assume we do not need a mutex for these mutable members
mutable  std:pair<FM_  vector<3,FM_coord>,FM_  vector<3,FM_coord> > bounding_box;
mutable  bool bounding_box_valid;



private:

std::vector<FM_ vector<3,FM_u32> > initial_locat ions;

b

"

/I FM_curvilinear ~ _mesh_T_layout<B,D> is a curvilinear mesh where the
Il coordinates are contained in a single array of FM_vector<D,FM_coord >,
I e, an array where the coordinates for each vertex are contiguous.
I

template <int B, int D>

class FM_curvilinear_mesh_T  _layout public  FM_curvilinear_  mesh<B,D>
{

public:

const FM_vector<D,FM_coor d>* const coordinates;

const bool delete_suppres sion;

FM_curvilinear_

{
}

mesh_T_layout(const FM_vector<B, FM_u32>& dimensions,
const FM_vector<D, FM_coord>* ¢, bool ds,
FM_properties_cach e* pc = 0) :
FM_curvilinea  r_mesh<B,D>(dimension s, pc),
coordinates(c ),
delete_suppre  ssion(ds)

curvilinear_m esh_initialize();

FM_curvilinear _mesh_T_layout()

if  (Idelete_suppression )
delete [] coordinates
}
virtual std::pair<FM_vect or<D,FM_coord>,FM_vect  or<D,FM_coord> >

get_bounding_bo  x(const

FM_time<FM_u32>* = 0,

const FM_submesh_id * = 0) const;
virtual int
at_cell(const FM_cell* ¢, std::vector<FM_vector <D,FM_coord> >* vals) const
FM_u32 n_indices;
FM_u64 indices[1 << BJ;
c->structured _mesh_vertex_indices( this,  &n_indices, indices);
if  (n_indices ==1)
vals->push_back(coord inates[indices[0]]);
else {
FM_u32 previous_size = vals->size();
vals->resize(previous _size + n_indices);
FM_vector<D,FM_coord> * dst = &(*vals)[previ ous_size];
for (FM_u32 i = 0; i < n_indices; i++)
*dst++ = coordinates[indices[i 1
}
return  FM_OK;
}
virtual int
at_cell(const FM_cell* ¢, FM_vector<D,FM_coord> * vals) const
FM_u32 n_indices;
FM_u64 indices[1 << BJ;
c->structured _mesh_vertex_indices( this,  &n_indices, indices);
for (FM_u32 i = 0; i < n_indices; i++)
valsli] = coordinates  [indicesl[i];
return  FM_OK;
}
b
"
/I FM_curvilinear ~ _mesh_T_layout<B,D>:: get_bounding_box works  with
/I a pointer  directly into the coordinates buffer, testing every vertex.
n
template <int B, int D>

std::pair<FM_vect
FM_curvilinear_me

or<D,FM_coord>,FM_vec
sh_T_layout<B,D>::

tor<D,FM_coord> >

get_bounding_box(  const FM_time<FM_u32>* const FM_submesh_id*) const
if  (‘bounding_b ox_valid) {
std::pair<FM_  vector<D,FM_coord>,FM  _vector<D,FM_coord> > bb;
const FM_vector<D,FM_co ord>* cp = coordinates;
bb.first = *cp;
bb.second = *cp;
cp++;
FM_u64 card0 = get_card(0);
for (FM_u64 i = 1; i < card0; i++)
FM_operator_min_max_e quals(bb, *cp++);
bounding_box = bb;
bounding_box_ valid = true;
return  bounding_box;
}
I
/I FM_curvilinear  _mesh_T_layout<3,3>:: get_bounding_box works  with
/I a pointer  directly into the coordinates buffer, testing  vertices
/I on the boundary of the mesh.
I
template <>
std::pair<FM_vect or<3,FM_coord>,FM_vec  tor<3,FM_coord> >
FM_curvilinear_me  sh_T_layout<3,3>::
get_bounding_box(  const FM_time<FM_u32>* const FM_submesh_id*) const

if

(‘bounding_b  ox_valid) {

FM_u32 i, j ki

std::pair<FM_  vector<3,FM_coord>FM  _vector<3,FM_coord> > bb;
const FM_vector<3,FM_co ord>* cp = coordinates;

bb. first = *cp;
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bb.second
cp++;

= *cp;

/I k = 0 slice

FM_u32 dimensions_0 _dimensions_1 = dimensions[0] * dimensions[1];

for (i =1; i < dimensions_0_d imensions_1; i++)
FM_operator_min_m ax_equals(bb, *cp++);
/I edge of k = 1 to dimensions[2] - 2 slices
for (k = 1; k < dimensions[2] -1 k++) {
for (i = 0; i < dimensions[0 ; i++)
FM_operator_min _max_equals(bb, *cp++);
for (G =1, j < dimensions[l ] - 1; j++) {
FM_operator_min _max_equals(bb, *cp);
cp += dimensions[0] -1
FM_operator_min _max_equals(bb, *cp++);
}
for (i = 0; i < dimensions[0 ], i++)
FM_operator_min _max_equals(bb, *cpt++);

/I k = dimensions[2 ] - 1 slice

for (i = 0; i < dimensions_0_d imensions_1; i++)
FM_operator_min_m ax_equals(bb, *cpt);
bounding_box = bb;
bounding_box_valid = true;
}
return  bounding_box;
}
P
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/I Emacs mode -*-C++-*- n
#ifndef _FM_DERIVED_FIELD_H
#define _FM_DERIVED_FIELD_|
I

* NAME: FM_derived_field.h
*

* WRITTEN BY:

* Patrick ~ Moran pmoran@nas.nasa.g ov
¥

!

#include  "FM_field.h"

template  <int B, int
class FM_unary_derived_fiel d : public

D, typename S, typename T, typename F>
FM_field<B,D,T>

public:

const FM_ptr<FM_shared_ob ject> so;
const FM_field_interface< B,D,S>* field;
const F function;

FM_unary_derive  d_field(const FM_ptr<FM_field<B, D,S> >& f,
const F& fun, FM_properties_cache* pc = 0)
FM_field<B,D, T>(f->mesh,  f->node_association_ index, pc),
so(f),
field(f),
function(fun)
FM_unary_derive  d_field(const FM_ptr<FM_mesh<B,D > >& m,
const F& fun, FM_properties_cache* pc = 0)
FM_field<B,D, T>(m, 0, pc),
so(m),
field(m),
function(fun)
virtual std::ostream& str(std::ostre am& o) const
{
return o << "FM_unary_d erived_field<" <<
B<<"" << D<<" << typeid(S).name() << "M <<
typeid(T).name() << """ << typeid(F).name() << ">
virtual int  at_cell(const FM_cell* ¢, std:vector<T>* vals) const
std::vector<S > tmp;
int res = field->at_cel I(c, &tmp);
if (res = FM_OK) return res;
FM_u32 previous_size = vals->size();
vals->resize( previous_size + tmp.size());
T* dst = &(*vals)[previ ous_size];
for (sizet i =0; i < tmp.size(); i) {
res = function(tmpl[i] , dst++);
if (res != FM_OK) break;
return  res;
}
virtual int at_cell(const FM_cell* ¢, T* vals) const
{
std::vector<S > tmp;
int res = field->at_cel I(c, &tmp);
if (res != FM_OK) return res;
for (size_t i =0; i < tmp.size() i++)
res = function(tmpl[i] . &valsi]);
if (res != FM_OK) break;
return  res;
}

%

template  <int B, int
class FM_binary_derived_fie Id : public

D, typename R, typename S, typename T, typename F>
FM_field<B,D,T>

{

public:
const FM_ptr<FM_shared_ob ject> Ihs_so;
const FM_ptr<FM_shared_ob ject> rhs_so;
const FM_field_interface< B,D,R>* |hs_field;
const FM_field_interface< B,D,S>* rhs_field;
const F function;

FM_binary_deriv  ed_field(const FM_ptr<FM_field<B ,D,R> >& lhs,
const FM_ptr<FM_field<B ,D,S> >& rhs,
const F& fun,

FM_propertie s_cache* pc = 0)

FM_field<B,D, ion_index, pe),
Ihs_so(lhs),

rhs_so(rhs),

Ihs_field(lhs ).

rhs_field(rhs )

T>(lhs->mesh, Ihs->node_associat

function(fun)
{
init();
}
virtual std::ostream& str(std::ostre amé& o) const

return o << "FM_binary_ derived_field<" << B<<"" << D<<" <<

typeid(R).name() << << typeid(S).name() << <<
typeid(T).name() << " << typeid(F).name()

}

virtual int at_cell(const FM_cell* ¢, std:vector<T>* vals)  const

{

std::vector<R > |hs_tmp;

int  res;

res = lhs_field->at_cel Ic, &lhs_tmp);

if (res != FM_OK) return res;

std::vector<S > rhs_tmp(lhs_tmp.siz e();
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rhs_tmp.clear();

res = rhs_field->at _cell(c,

if (res != FM_OK) return res;
FM_u32 previous_siz e = vals->size();

&rhs_tmp);

vals->resize(previo us_size + lhs_tmp.size  ());
for (size.t i = 0; i < Ihs_tmp.size(); i++)  {
res = function(lh s_tmpl[i], rhs_tmpl[i], &(*vals)[previous_siz
if (res != FM_OK) break;
}
return  res;
}
virtual int at_cell(const FM_cell* ¢, T* vals) const
return -1;
}
private:
void init() const
if (lhs_field->mesh = rhs_field->mesh) {
FM_ostringstream err;
err << "FM_binary_derived_fi eld(";
err << *lhs_so << ", " << *ths.so << ", ) "
err << “fields must be based on same mesh";
throw std::logic_ error(err.str());
}
if  (Ihs_field->node _association_index
rhs_field->node _association_index) {
FM_ostringstream err;
err << "FM_binary_derived_fi eld(";
er << *hs_so << ", " << *hs_so << ", ) "
err << "node association indices  must match (node_associatio
err << lhs_field->node_assoc iation_index << "M
err << rhs_field->node_assoc iation_index "
throw std::logic_ error(err.str());
}
}
%
P
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/I Emacs mode -*-c++-*-  //
#ifndef _FM_FIELD_H_
#define _FM_FIELD_H_

*

* NAME: FM_field.h

*

* WRITTEN BY:

* Patrick ~ Moran pmoran@nas.nasa.g ov
¥

!

#include  <typeinfo>

#include  <string>

#include  <vector>

#include  "FM_shared_object_  with_properties_cache. h"
#include  "FM_field_interfac eh"

#include  "FM_mesh.h"

#include  "FM_ostringstream. h"

#include  "FM_structured_mes  h.h"

std::string FM_field_type_n ame(FM_u32 b, FM_u32 d, const char* t)

FM_ostringstrea  m os;

os << “field<" << b << " << d << <<t << Y
return  os.str();
class FM_field_ : public FM_shared_obj ect_with_properties_c ache

{

public:

const FM_ptr<FM_mesh_> mesh_;
const char* const node_type;
const bool structured_beh  avior;

FM_field_(const FM_ptr<FM_mesh_>& m, const char* nt,
FM_properties_c  ache* pc) :
FM_shared_obj ect_with_properties_c ache(pc),
mesh_(m),
node_type(nt)
structured_be

{

havior(mesh_->get_str uctured_behavior())

inline  FM_iter
inline  FM_iter

begin() const { return
begin(const

mesh_->begin(); }
FM_iter_attrs& ia) const

return  mesh_->begin(ia) ;

}

inline FM_iter end() const { return mesh_->end(); }
protected:

virtual FM_ptr<FM_shared_ object>

get_aux(const std::string & key, FM_u32 pass,

const FM_time<FM_u32>* t, const FM_submesh_id* sid) const

{
if (key == "node_type") {
return  new FM_simple_value<std:: string>(node_type);
else if (key == "field_type_name")
return  new FM_simple_value<std: string>
(FM_field_type_name  (mesh_->base_dimension ality,
mesh_->phys_dimension  ality,
node_type));
}
else if (key == "mesh") {

return  mesh_;

FM_ptr<FM_sha red_object> mesh_property;
try {

mesh_property = mesh_->get(key, t, sid);
}

catch (... {

}

if  (mesh_property 1= 0)
return  mesh_property;

return  FM_shared_object _with_properties_cache
get_aux(key, pass, t, sid);
}

virtual std::set<std::str ing>

get_property_na  mes_aux(std::set<std: :string>& property_na mes,
const FM_time<FM_u32>* t,
const FM_submesh_id* sid) const

property_name s.insert("node_type") H
property_name  s.insert("field_type_ name");
property_name  s.insert("mesh");

std::set<std: :string>
mesh_->get_property_n

mesh_propert y _names =
ames(t, sid);

std::set<std: :string>::const_itera tor iter;
for (iter = mesh_proper ty_names.begin();

iter != mesh_property_names.e nd(); ++iter)
property_names.insert (*iter);

return  FM_shared_object _with_properties_cache
get_property_names_au  x(property_names, t, sid);

template  <int B, int
class FM_field;

D, typename T>

template  <int B, int

std::pair<T,T>

FM_get_min_max_au x(const FM_field<B,D, T>* const FM_time<FM_u32>*
const FM_submesh_id *, const S&);

D, typename T, typename S>

21

template

class FM_field : public

{
public:

FM_field(const

FM_field_(m,
FM_field_interface<

{
}

virtual

<int B, int D, typename T>

FM_field_, public  FM_field_inte

FM_ptr<FM_mesh<B, D> >& m, FM_u32 na,
FM_propertie s_cache* pc)

typeid(T).name(), pc),

B,D,T>(m, na)

std::ostream& str(std::ostream& 0) const

return o << FM_field_type_name (B, D, typeid(T).name ());

}

virtual

return  FM_get_min_m ax_aux(this, t, sid,

virtual

{

int

if (structured_beha vior

std::pair<T, T > get_min_max(const FM_time<FM_u32>* t =

const FM_submesh_id* sid

int at_phys(const ~ FM_phys<D>& p, FM_context* ctxt, T*
res;

&& node_associati
|_decomposition == Q)

on_index == 0 &&
ctxt->simplicia

FM_base<B> b;

FM_ptr<FM_structu
res = mesh->phys_ to_base(p, ctxt,

if
T

red_B_cell<B> > sc;

&b, &sc);
(res != FM_OK) return res;

vals[l << B];

res = at_cell(sc, vals);

if

res = FM_linear_i

else

(res != FM_OK) return res;
nterpolate(b, sc, vals, val);

FM_ptr<FM_cell>  c;
res = mesh->phys_ to_cell(p, ctxt,  &c);

if

(res !'= FM_OK) return res;

std::vector<T> vals;

res = at_cell(c,

if

n

&vals);
(res != FM_OK) return res;

interpolate

res = -1;

}

return  res;

}

protected:
virtual

get_aux(const

FM_ptr<FM_sha red_object>
std::string& key, FM_u32 pass,

const FM_time<FM_u32>* t, const FM_submesh_id * sid) col
{
if (key == "node_association_i ndex")
return  new FM_simple_value<F M_u32>(node_associati on_index);
else if (key == "min_max") {

std::pair<T,T>
return  new FM_tuple_value(ne

}
return  FM_field_::g

}

virtual

get_property_names_au

{

property_names.inse
property_names.inse
return  FM_field_::g

}
g

template

min_max = get_min_max(t, sid);
w FM_simple_value<T>(
new FM_simple_value<T>(

et_aux(key, pass, t, sid);

std::set<std: :string>
X(std::set<std::string >& property_names,
const FM_time<FM_u32>* t,

const FM_submesh_id* sid) const

rt("node_association_i
rt("min_max");
et_property_names_aux(

ndex");

property_names,  t,

<int B, int D, typename T, typename S>

std::pair<T, T >

FM_get_min_ma x_aux(const

FM_field<B,D,T>* field,
const FM_time<FM_u32>* t,
const FM_submesh_id* sid, const S&)

FM_ostringstream err,

err << *field
t 2%t

(sid

err << "not defined for node type

throw

template

<< "uget_min_max( " <<
FM_time<FM_u32>()) << ", " <<
? *sid FM_submesh_id()) << ")
<< typeid(T).name  ();

std::logic_erro r(err.str());

<int B, int D, typename T>

std::pair<T,T >

FM_get_min_ma x_aux(const

std::pair<T,T>
FM_iter_attrs

FM_field<B,D, T>* field,
const FM_time<FM_u32>* t, const FM_submesh_id*
const FM_true_type&)

min_max;
iter_attrs;
iter_attrs.push_back( new FM_cell_dimension_ iter_attr
(field->node_associati on_index));

it

iter_attrs.push_bac

it (sid

iter_attrs.push_bac

FM_iter
FM_iter

&& t->defined() )

k(new FM_time_iter_att r*y);

&& sid->defined())

k(new FM_submesh_id_it er_attr(*sid));
i = field->begin(iter_at trs);

e = field->end();

rface<B,D,T>

0,
0) const

FM_traits<T  >:is_scalar());

val)

nst

min_max.first),
min_max.second));

sid);

sid,

const



std::vector<T> vals(1);
for (50 = e ) {

int res = field->at_cel I(%, &vals);
if (res == FM_OK) break;

if (i ==e) {
FM_ostringstr ~ eam err;
err << *field << ":get_min_max(" <<
(t ?* : FM_time<FM_u32>() << ", " <<
(sid ? *sid FM_submesh_id()) <<
"):  no valid values";
throw  std::logic_error( err.str();

min_max.first = vals[0];
min_max.second = vals[0];

for (50 = e ) {

int res = field->at_cel 1¢4, &vals);
if (res != FM_OK) continue;
if  (vals[0] < min_max.first)
min_max.first = vals[0];
else if (vals[0] > min_max.second)
min_max.second = vals[0];
}

return  min_max;

Copyright ~ (c) 2000
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Emacs mode -*-C++-*- n
ifndef _FM_FIELD_INTERFACE_H_
define _FM_FIELD_INTERFACE_H_

* NAME: FM_field_inter face.h
*

* WRITTEN BY:

* Patrick ~ Moran

*

include  <vector>

include  "FM_phys.h"

include  "FM_base.h"

include  "FM_context.h"

include  "FM_cell.h"

include  "FM_shared_obj ect.h"

pmoran@nas.na sa.gov

template <int B, int D>

cl

lass FM_mesh;

template <int B, int D, typename T>

Cl

{
p

lass  FM_field_interfac e

ublic:
const FM_mesh<B,D>* const mesh;
const FM_u32 node_association_in dex;

FM_field_interface(co nst FM_mesh<B,D>* m, FM_u32 nai)
mesh(m), node_association_inde x(nai) {}

virtual std::ostream& str(std::ostream& 0) const = O;

virtual int at_base(const FM_base<B>& b, FM_context*, T* val) const
{ .

it res;

FM_ptr<FM_structure d_B_cellkB> > sc;

res = mesh->base_to _cell(b, &sc);

if (res = FM_OK) return res;

T vals[l << BJ;

res = at_cell(sc, vals);

if (res = FM_OK) return res;

return  FM_linear_in  terpolate(b, sc, vals, val);

}
virtual int at_base(const FM_base<B,FM_u32>& b, T* val) const

FM_structured_0_cel I<B> sc(b);
return  at_cell(&sc, val);

}
virtual int at_phys(const FM_phys<D>&, FM_context*, T*) const = 0;

virtual int at_cell(const FM_cell*,  std:vector<T>*) const = 0;
virtual int  at_cell(const FM_cell*, T*) const = 0O;

virtual int  blanks_at_cell(const FM_cell* ¢, std::vector<int>* blanks)
{
std::vector<T> vals;
int res = at_cell(c, &vals);
for (size.t i =0, i < vals.size(); i++)
blanks->push_back  (1);
return  res;

void FM_throw_bad_cell_  argument(const FM_shared_object* so,

const char* method, const FM_cel* «c)

FM_ostringstream err;
err << *sp << " << method << (" << *¢ << ") bad cell argument
throw std::logic_erro r(err.str());
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/I Emacs mode -*-C++-*- n
#ifndef _FM_FUNCTIONAL_H_
#define _FM_FUNCTIONAL_H_
A

* NAME: FM_functional.h

*

* WRITTEN BY:

* Patrick ~ Moran

*

#include  <functional>

#include  "FM_ostringstream. h"
#include  "FM_vector.h"

#include  "FM_shared_object. h"

pmoran@nas.nasa.g ov

"

/I from <functional>:

I plus, minus, multiplies, divides, modulus, negate,

n equal_to, not_equal_to , greater, less, greater_equal, less_equal,
n logical_and, logical_or, logical_not

I

template  <typename T>

class FM_negate_fun : public  std::unary_function< TT>
{
public:
int operator()(const T&t, T* res) const
*res =

return FM_OK;

template  <typename T>

class FM_plus_fun : public  std:binary_function<T T T>

{

public:

int operator()(const T& lhs, const T& rhs, T* res) const

*res = lhs + rhs;
return  FM_OK;

template  <typename T>

class FM_minus_fun : public std:binary_function< TT,7T>

{

public:

int operator()(const T& lhs, const T& rhs, T* res) const

*res = lhs - rhs;
return  FM_OK;

template  <typename T>

class FM_multiplies_fun : public  std:binary_func tion<T,T,T>
{

public:

int  operator()(const T& Ihs, const T& rhs, T* res) const

*res = lhs * rhs;
return  FM_OK;

template  <typename T>

class FM_divides_fun : public  std:binary_functio n<T,T,T>
{

public:

int  operator()(const T& Ihs, const T& rhs, T* res) const
{

*res = lhs / rhs;
return  FM_OK;

template  <typename S, typename T>
class  FM_fun_ptr_fun : public  std::unary_function <§,T>
{
public:
FM_fun_ptr_fun(  const FM_shared_objec t* ctxt,
int  (*f)(const FM_shared_object* , const S&, T*)
fun_ctxt(ctxt ), fun() {
int operator()(const S& s, T* t) const { return fun(fun_ctxt, s

;

private:

FM_ptr<FM_share d_object>  fun_ctxt;

int  (*fun)(const FM_shared_object*, const S&, T¥);
b

template  <typename T>
class FM_abs_fun : public  std:unary_f unction<T,T>

{
public:
int  operator()(const T&t, T* res) const
*es = t >=T0) ?t : -
return  FM_OK;
b

template  <typename S, typename T>

class FM_static_cast_fu n : public std:unary_function<S T>
{
public:
int  operator()(const S& s, T* t) const
*t = static_cast<T> (s);
return FM_OK;
}
h
template  <typename T>
class FM_min_fun : public std:binary_functio n<T,T,T>
public:
int  operator()(const T& |hs, const T& rhs, T* res) const
*res =1lhs < rhs ? lhs : rhs;
return  FM_OK;
}
b
template  <typename T>
class FM_max_fun : public std:binary_functio n<T,T,T>
{
public:
int  operator()(const T& |hs, const T& rhs, T* res) const
*res =1Ihs >rhs ? lhs : rhs;
return  FM_OK;
}
b

template <int N, typename T>
class FM_dot_fun : public std:binary_functio

{
public:
int  operator()(const FM_vector<N,T>& |hs, const FM_vector<N,T>&
T* res) const
{

*res = FM_dot(lhs,  rhs);
return  FM_OK;

template  <typename T>
class FM_cross_fun :
public  std::binary_fu nction<FM_vector<3,T>, FM_vector<3,T>,FM_vec

{
public:
int  operator()(const FM_vector<3,T>& lhs, const FM_vector<3,T>&
FM_vector<3,T>* res) const
{

*res = FM_cross(lhs , rhs);
return FM_OK;

template  <int N, typename T>

class FM_mag_fun : public  std::unary_function <FM_vector<N,T>T>

{
public:
int  operator()(const FM_vector<N,T>& v, T* res) const
{
*res = FM_mag(v);
return FM_OK;
}
%
template  <int N, typename T>
class FM_brackets_fun : public  std:unary_fun ction<FM_vector<N,T>,
public:
FM_brackets_fun(int i) ¢ index(i)

if ((0 <= index &&index < N)) {
FM_ostringstream err;

err << "FM_brackets_fun<" << N << ", T>:FM_bracke ts_fun("
i << ") bad index";
throw  std::logic_ error(err.str();
}
int  operator()(const FM_vector<N,T>& v, T* res) const
*res = v[index];
return FM_OK;
}
private:

const int index;

template <int M, int N, typename T>
class FM_slice_brackets _fun :
public  std::unary_fun ction<FM_vector<M,T>F M_vector<N,T> >

public:
FM_slice_brackets_fun @int i) : index(i)

if ((0 <= index &&index + N <= M) {

FM_ostringstream err;
err << "FM_slice_brackets_fu n<" << M<< """ << N <<
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n<FM_vector<N,T>FM_v ector<N,T>T>

rhs,

tor<3,T>

rhs,

<<



" T>::FM_slice_brac kets_fun(" << i << "): bad index";

throw  std::logic_erro r(err.str());
}

int  operator()(const FM_vector<M,T>& v, FM_vector<N,T>*

*res = FM_vector<N,T>(s tatic_cast<const T*>(v) + index);

return FM_OK;
}

private:
const int index;

g

template  <typename T>

class FM_swap_endian_fun : public  std:unary_func tion<T,T>
{

public:

int  operator()(const T&t, T* res) const

{

union {
Tt
char chars[8];
Ty
char c;
ut =t
size_t sizeof T = sizeof(T);
switch(sizeof )
case 1.
break;
case 2
¢ = u.chars[0];
u.chars[0]
u.chars[1]
break;
case 4:
¢ = u.chars[0];
u.chars[0]
u.chars[3]
¢ = u.chars[1]
u.chars[1]
u.chars[2]
break;
case 8:
¢ = u.chars[0];
u.chars[0] = u.chars[7];
u.chars[7] =c
¢ = u.chars[1];
u.chars[1] = u.chars[6];
u.chars[6] =c
¢ = u.chars[2];
u.chars[2]
u.chars[5]
¢ = u.chars[3]
u.chars[3]
u.chars[4]
break;
default:
abort();

u.chars[1];
c;

u.chars[3];

u.chars[2];
c;

u.chars([5];
c;

u.chars[4];
c;

*res = u.t;
return  FM_OK;

template <>

class FM_swap_endian_fun<in t> : public std:unary_function<
{

public:

int  operator()(const int& i, int* res) const

(i & OXFF) << 24) |

(i & OxFF00) << 8) |

(i & OXFF0000) >> 8) |

((i & OXFFO00000) >> 24);
return FM_OK;

template <>
class FM_swap_endian_fun<un signed>
public  std::unary_functio n<unsigned,unsigned>

{
public:
int operator()(const unsigned& i, unsigned* res) const

(i & OXFF) << 24) |
(i & OXFFO0) << 8) |
(i & OxFFO000) >> 8) |
(i & OxFFO00000) >> 24);
return  FM_OK;
}
b

template <>

class FM_swap_endian_fun<fl oat> : public std:unary_functio
{

public:

int  operator()(const float& f, float*  res) const

union {
float  f;
int i

res) const

int,int>

n<float,float>
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*res = u.f;
return FM_OK;
}
b
template  <typename T>
class FM_identity_fun : public  std:unary_fun ction<T,T>
{
public:
int  operator()(const T&t, T* res) const { *res =t retun
h

(Ui & OXFF) << 24) |
(Ui & OXFFO0) << 8) |
((ui & OXFFO000) >> 8) |
((ui & OXFFO00000) >> 24);

template  <typename T>

struct  FM_first_greater _pred : public std:binary_func
bool operator()(const T& Ihs, const T& rhs) const
{

return  |hs.first > rhsfirst;
%
I T(S0)

template  <typename S, typename T>

Cl

{
p

Pl

lass FM_compose_fun

public  std::unary_fun ction<typename S::argument_type, typename T:result_typ

ublic:

FM_compose_fun(const S& s, const T&t) : first(s), second(t)

typename T:result_ty pe operator()(const

return  second(first  (a));

}

rivate:
const S first;

const T second;

Copyright  (c) 2000
Advanced Management Technology, Incorporated

Permission is hereby granted, free of charge,
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*
*

B

B

*

*

*

*

*

*

*

*

B

* The above copyright notice and this permission
B

*

*

*

*

*

*

*

*

*

*

* THE USE OR OTHERDEALINGS IN THE SOFTWARE.
B

#endif

tion<T,T,bool>
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pe& a) const
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#ifndef _FM_INTERPOLATE_H_
#define _FM_INTERPOLATE_|
A

* NAME: FM_interpolate.h
*

* WRITTEN BY:

* Patrick ~ Moran

*
#include  <vector>
#include  "FM_vector.h"
#include  "FM_cell.h"
#include  "FM_returns.h"

pmoran@nas.nasa.g ov

template <int B, typename T>
int  FM_linear_int  erpolate(const FM_vector<B,FM_co ord>& f,
T vals[], T* val)

{
for (int i =B- 1; i >= 0; i- {
it (ffi] == FM_coord(0) ) continue;
int n = FM_pow_2(i);
for (int j =0; j <n; j+)
valsli] += fli]  * (vals[i + n] - valsfi);
*val = vals[0];
return FM_OK;
}

template  <int B, typename T>
int
FM_linear_interpo late(const FM_base<B>& b,
const FM_ptr<FM_structured_  B_cell<B> >& sc,

T vals[], T* val)

{

FM_vector<B,FM_ coord> f;

for (int i =0; i < B; i++)

flil = bl - FM_coord(sc->get_ind  ex(i));

return  FM_linear_interpol ate(f, vals, val);
}
P

Copyright ~ (c) 2000
Advanced Management Technology, Incorporated

Permission is hereby granted, free of charge,
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*
*

*

*

*

*

*

*

*

*

B

*

*

* The above copyright notice and this permission
*

*

*

*

*

*

*

*

*

B

*

* THE USE OR OTHERDEALINGS IN THE SOFTWARE.
*

#endif

25

/I Emacs mode -*-C++-*-

#ifndef
#define
I

_FM_IO_H_
_FM_IO_H_

* NAME: FM_io.h
*

* WRITTEN BY:

*

%
/

Patrick  Moran

pmoran@nas.na sa.gov

#include  <vector>
#include  <string>
#include  <unistd.h>
#include  <fentl.h>
#include  <assert.h>
#include  <sys/stat.h>
#include  <sysftypes.h>
#include  <stdio.h>
#include  "FM_vector.h"
#include  "FM_functional .h
inline  bool FM_little_e  ndian_hardware()
unsigned ui = 1;
return  static_cast<ch ar*>(static_cast<void* >(&ui))[0]
size_t FM_file_size(con st std::string& file_name)
struct  stat  sbuf;
int stat_res = stat(file_name.c_ str(), &sbuf);
return  stat res == 0 ? shufst_size S
template  <typename T>

int  FM_fread(FILE* fp,

== 1 ? true : false;

T* dat, size_t n_items, bool swap_endian)

size_t fread_res = fread(dat, sizeof(T),
if (fread_res I= n_items)
return  FM_IO_ERROR;

if (swap_endian) {
FM_swap_endian_fun< T> swap_endian_fun;

n_items, fp);

bool fortran,

SEEK_SET);

n_items,

for (sizet i =0; i < fread_res; i) {
(void)  swap_endian_fun(dat[i 1, &datfi]);
}
return FM_OK;
template  <typename T>
int  FM_fread(FILE* fp, T* dat, size_t n_items, bool swap_endian,
std::vector<int>* extra = 0)
{ .
it res;
FM_u32 n_bytes_fortra n;
size_t n_bytes_expect ed = n_items * sizeof(T);
size_t start = ftell(fp);
if  (fortran) {
res = FM_fread(fp, &n_bytes_fortran, 1, swap_endian );
if (res != FM_OK) return res;
if (n_bytes_fortran < n_bytes_expected)
return  FM_IO_ERROR;
}
res = FM_fread(fp, dat, n_items, swap_endian);
if (res = FM_OK) return res;
if (fortran)
if (extra && n_bytes_fortran > n_bytes_expected) {
size_t n_extra = (n_bytes_fortran - n_bytes_expec ted) / sizeof(T);
extra->resize(n_e xtra);
res = FM_fread(fp , &(*extra)[0], n_extra,  swap_endian);
if (res = FM_OK) return res;
}
(void)  fseek(fp, start  + n_bytes_fortran + 2 * sizeof(FM_u32),
return  FM_OK;
}
template  <typename F>
int  FM_fread_fun(FILE* fp, typename F:result_type* dat, size_t
bool swap_endian, bool fortran, const F& fun)
typedef typename Fiargument_typ e argument_type;
typedef typename F:result_type result_type;
FM_u32 n_bytes_fortra n;
size_t start = ftell(fp);
if (fortran)
FM_fread(fp, &n_bytes_fortran, 1, swap_endian);
size_t n_bytes_expe cted = n_items * sizeof(argument _type);
if (n_bytes_fortran < n_bytes_expected)
return  FM_IO_ERROR;
}
if (sizeof(argument_t ype) == sizeof(result_ type)) {
int res = FM_fread(fp, dat, n_items, swap_endian);
if (res != FM_OK)
return  res;
for (size_t i =0 i < n_items; i++)
res = fun(reinter pret_cast<argument_typ e*>(dat)[i], &dat[i]);
if (res = FM_OK)
return  res;
}
}



else {
std::vector<a rgument_type>  tmp(n_items);
int res = FM_fread(fp, &tmp[0], n_items,  swap_endian);
if (res = FM_OK)
return  res;
for (size.t i =0; i < n_tems; i++) {
res = fun(tmpli], &dat[i]);
if (res != FM_OK)
return  res;
}
}
if  (fortran)
(void)  fseek(fp, start  + n_bytes_fortran + 2 * sizeof(FM_u32), SEEK_SET);
return  FM_OK;
}
template  <int N, typename T>
int  FM_fread_tran spose(FILE*  fps[], FM_vector<N, T >* dat,
size_t n_items, bool swap_endian, bool fortran)
{
size_t start = ftell(fps[0]);
size_t n_bytes_fortran;
if  (fortran) {
FM_fread(fps| 0], &n_bytes_fortran, 1, swap_endian);
if (n_bytes_fortran < N * sizeof(T) * n_items)
return  FM_IO_ERROR;
}
size_t i, |
std::vector<T> components[N];
T* bps[N];
const FM_u32 N_DAT = 1024;
for (i =0 i <N; i++) {
components[i] .resize(N_DAT);
size_ t offset = stat + i * sizeof(T) * n_items;
if  (fortran) offset  += sizeof(FM_u32);
(void)  fseek(fps[i], offset, SEEK_SET);
size_t n_remaining = n_items;
T* dst = reinterpret_cast <T*>(dat);
while  (n_remaining > 0)
size_t n_to_read = (n_remaining > N_DAT) ? N_DAT: n_remaining;
for (i =0 i <N; i+ {
int res = FM_fread(fp s[i], &components[ij[0 ], n_to_read, swap_endian);
if (res != FM_OK)
return  res;
bpsli] = &components[ i][0];
for (i =0; i < n_to_read; i++)
for G =0; j <N; j++)
*dst++ = *bps[jl++;
n_remaining  -= n_to_read;
}
if  (fortran)
(void)  fseek(fps[0], start  + n_bytes_fortran + 2 * sizeof(FM_u32),
SEEK_SET);
else
(void)  fseek(fps[0], ftell(fps[N - 1)), SEEK_SET);
return  FM_OK;
template <int N, typename F>
int FM_fread_tran spose_fun(FILE* fps[l,
FM_vector<N,typename Fresult_t ype>* dat,
size_t n_items, bool swap_endian , bool fortran,
const F& fun)
typedef typename F:argument_type argument_type ;
typedef typename F:result_type result_type;
size_t start = ftell(fps[0]);
size_t n_bytes_fortran;
if  (fortran) {
FM_fread(fps[ 0], &n_bytes_fortran, 1, swap_endian);
if (n_bytes_fortran < N * sizeof(argument_typ e) * n_items)
return  FM_IO_ERROR;
}
FM_u32 i, j;
std::vector<arg ument_type> components[N];
argument_type*  bps[N];
const FM_u32 N_DAT = 1024;
for (i =0 i <N; i++) {
components[i] .reserve(N_DAT);
size_ t offset = stat + i * sizeof(argument_t ype) * n_items;
if  (fortran) offset  += sizeof(FM_u32);
(void)  fseek(fps[i], offset, SEEK_SET);
size_t n_remaining = n_items;
result_type* dst = reinterpret_cast< result_type*>(dat);
int res;
while  (n_remaining >0) {
size .t n_to_read = (n_remaining > N_DAT) ? N_DAT: n_remaining;
for (i =0, i <N; i++)
res = FM_fread(fps[i] , &components[i][0], n_to_read, swap_endian);
if (res != FM_OK)
return  res;
bps[i] = &components| i][0];
for (i =0; i < n_to_read; i++)
for G =0; j <N; j+) {
res = fun(*bps[j]++ , dst++);
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SEEK_SET);

swap_endian);

swap_endian);

if (res = FM_OK)
return  res;
n_remaining -= n_to_read;
}
if  (fortran)
(void)  fseek(fps[0] start + n_bytes fort ran + 2 * sizeof(FM_u32),
SEEK_SET);
else
(void)  fseek(fps[0] , ftell(fps[N - 1)), SEEK_SET);
return  FM_OK;
}
int  FM_fskip(FILE* fp, size_t size, size_t n_items,
bool swap_endian, bool fortran)
{
FM_u32 n_bytes_fortra n;
size_t start = ftell(fp);
if (fortran) {
int res = FM_fread(fp, &n_bytes_fortran, 1, swap_endian);
if (res != FM_OK)
return  res;
size_t n_bytes_expe cted = n_items * size;
if (n_bytes_fortran < n_bytes_expected)
return  FM_IO_ERROR;
(void)  fseek(fp, start + n_bytes_fortran + 2 * sizeof(FM_u32),
}
else
(void)  fseek(fp, start + size * n_items, SEEK_SET);
return  FM_OK;
}
template  <typename T>
int  FM_fwrite(FILE* fp, const T* dat, size_t n_items, bool swap_endian)
size_t  fwrite_res;
if  (Iswap_endian) {
fwrite_res = fwrite(dat, sizeof(T), n_items,  fp);
else {
std::vector<T> tmp(n_items);
FM_swap_endian_fun< T> swap_endian_fun;
for (FM_u32 i = 0; i < n_items; i++)
(void)  swap_endian_fun(dat[i 1, &tmpli]);
fwrite_res = fwrite(tmp, sizeof(T), n_items,  fp);
return  fwrite_res == n_items ? FM_OK: FM_IO_ERROR;
template  <typename T>
size_t  FM_fwrite(FILE* fp, const T* dat, size_t n_items,
bool swap_endian, bool fortran)
{ N
it res;
FM_u32 n_bytes_fortra n = sizeof(T) * n_items;
if (fortran) {
res = FM_fwrite(fp, &n_bytes_fortran, sizeof(FM_u32 ), 1,
if (res != FM_OK) return res;
}
res = FM_fwrite(fp, dat, n_items, swap_endian);
if (res != FM_OK)
return  res;
if  (fortran) {
res = FM_fwrite(fp, &n_bytes_fortran, sizeof(FM_u32 ), 1,
if (res = FM_OK) return res;
return FM_OK;
}
template  <int N, typename T>
int  FM_fwrite_transpose (FILE* fp, const FM_vector<N,T>* dat,
FM_u32 n_items, bool swap_endian, bool fortran)
{ N
it res;
FM_u32 n_bytes_fortra n = n_items * N * sizeof(T);
if (fortran) {
res = FM_write(fp, &n_bytes_fortran, 1, swap_endian );
if (res != FM_OK) return res;
}
for (FM_u32 i =0; i < N; i++) {
for (FM_u32 j = 0; j < n_items; j++)
res = FM_fwrite(f p, &datj][i], 1, swap_endian);
if (res != FM_OK) return res;
}
}
if  (fortran) {
res = FM_write(fp, &n_bytes_fortran, 1, swap_endian );
if (res != FM_OK) return res;
return  FM_OK;
}
*
* Copyright (c) 2000
* Advanced Management Technology, Incorporated
*
* Permission is hereby granted, free of charge,
* to any person obtaining a copy of this software
* and associated  documentation  files  (the "Software"),
* to deal in the Software without restriction,
*including without  limitation the rights to use,
* copy, modify, merge, publish, distribute, sublicense,



and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,
subject to the following conditions:

The above copyright notice and this permission
notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARHS PROVIDED"AS IS", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMENT.IN NO
EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, = WHETHER
IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN. CONNECTIONWITH THE SOFTWAREDR
THE USE OR OTHERDEALINGS IN THE SOFTWARE.

o R % R E % K E X E F % E 2 X X %

#endif
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n

#ifndef _FM_IRREGULAR_NTERVAL_H_
#define _FM_IRREGULAR_NTERVAL_H_
A

* NAME: FM_irregular_i
*

* WRITTEN BY:

* Patrick ~ Moran
*

#include  "FM_structured

class FM_irregular_inte

{
public:
const FM_coord* con:

nterval.h
pmoran@nas.na sa.gov
_mesh.h"
rval : public FM_structured_mesh <1,1>

st coordinates;

const bool delete_supression;

FM_irregular_interval

FM_structured_mesh<

(FM_u32 d, const FM_coord* c,

bool ds = false,
FM_properties_cache*

pc = 0)

1,1>(d, pc), coordinates(c),

delete_supression(d s)
{
for (FM_u32 i =0; i <d - 1; i++) {
it ((chi] <cli +1) {
FM_ostringstrea m err;
err << "FM_irregular_inter val::FM_irregular_int erval: "
err << "coordinates must be strictly ascending"”;
throw std::logic_error(err .str());
}
}
}
virtual “FM_irregular  _interval()
if (delete_supress ion)
delete [] coordinates;
}
virtual td::ostream& str(std::c & 0) const
return o << "FM_irregular_inte rval”;
}
virtual int
at_cell(const FM_cell* ¢, std:vector<FM_ve ctor<1,FM_coord> >* vals) const

FM_u32 n_indices;
FM_u64 indices[2];

c->structured_mesh_ vertex_indices(this, &n_indices, indices);
for (FM_u32 i = 0; i < n_indices; i++)
vals->push_back(c  oordinates[indices[i]] )
return  FM_OK;
}
virtual int
at_cell(const FM_cell* ¢, FM_vector<1,FM_co ord>* vals) const
{
FM_u32 n_indices;
FM_u64 indices[2];
c->structured_mesh_ vertex_indices(this, &n_indices, indices);

for (FM_u32 i = 0

;i < n_indices; i++)

valsi] = coordinates[indice sfill;

return  FM_OK;
}

virtual int
phys_to_base(const

FM_ptr<FM_structure

{

FM_phys<1>& p, FM_context*, FM_base<1>* b,

d_B_cellkl1> >* sc = 0) const

if (p[0] < coordinates[0] |l p[0] > coordinates[dim ensions[0] - 1)
return  FM_OUT_OF_BOUNDS;

FM_u32 lo =0, hi
while (hi - lo >
/I assert(coordin
int mid = (lo +

= dimensions[0] - L
1)

ates[lo] <= p[0] &&
hiy /2

if (p[0] >= coordinates[mid] )
lo = mid;
else
hi = mid;
}
FM_u32 index = (lo < dimensions[0] -1
(*b)[0] = FM_coord(index) — +
(p[0] - coordinates[index]) /

(coordinates[inde
int res = FM_OK;

*sc = new FM_structured_B_ce

if (sc)
return  res;
}
virtual std::pair<FM_

get_bounding_box(cons

return  std::pair<FM
(coordinates[0],

b

*

* Copyright (c) 2000

* Advanced Management Technology,
*

* Permission is hereby granted,
*

*

*

*

including without

x + 1] - coordinates[i

vector<1,FM_coord>,FM_

pl0] <= coordinates[hi]

?lo : lo - 1

ndex]);

ll<1>(index);

vector<1,FM_coord> >

t FM_time<FM_u32>* = 0, const FM_submesh_id * = 0) const

_vector<1,FM_coord>,FM
coordinates[dimensions

and associated  documentation  files  (the
to deal in the Software without  restriction,

limitation the rights

_vector<1,FM_coord> >

o] - 1y

Incorporated

free of charge,
to any person obtaining a copy of this software

"Software"),

to use,



* copy, modify, merge, publish, distribute, sublicense, /I Emacs mode -*-c++-*- I

* andlor sell copies of the Software, and to permit #ifndef _FM_ITER_H_

* persons to whomthe Software is furnished to do so, #define _FM_ITER_H_

* subject to the following conditions: I*

* * NAME: FM_iter.h

* The above copyright notice and this permission *

* notice shall be included in all copies or substantial * WRITTEN BY:

* portions of the Software. * Patrick  Moran pmoran@nas.na sa.gov
* *f

* THE SOFTWARHS PROVIDED"AS IS", WITHOUTWARRANTY #include  "FM_shared_obj ect.h”
* OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT #include  "FM_cell.h"

* LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS

* FOR A PARTICULAR PURPOSEAND NONINFRINGEMENT.IN NO

* EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE enum FM_iter_attr_enum

* FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, WHETHER

* IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FM_ITER_ATTR_CELL_DIMENSION,
* FROM, OUT OF OR IN CONNECTIONWITH THE SOFTWAREDR FM_ITER_ATTR_CELL_TYHE,

* THE USE OR OTHERDEALINGS IN THE SOFTWARE. FM_ITER_ATTR_TIME,

* FM_ITER_ATTR_SUBMESHD,
* FM_ITER_ATTR_AXIS_BEGN,
#endif FM_ITER_ATTR_AXIS_END

FM_ITER_ATTR_AXIS_STRDE,
FM_ITER_ATTR_SIMPLICI AL_DECOMPOSITION

b
class FM_iter_attr : public FM_shared_object
{
public:
const FM_iter_attr_en um attr;
FM_iter_attr(FM_iter_ attr_enum  a) : attr(a) &
virtual “FM_iter_attr 0 ¢
typedef  std::vector<FM_  ptr<FM_iter_attr> > FM_iter_attr  s;
std::ostream& operator<<(std::ostr eam& o, const FM_iter_attrs& ia)
{
0 << "[";
for (FM_u32 i = 0; i < iasize(); i) {
it (i > 0)
0 << " ™
o << *al[i;
return o << "I
class FM_cell_dimension _iter_attr : public  FM_iter_attr
{
public:
const FM_u32 cell_dimension;
FM_cell_dimension_ite r_attr(FM_u32 cd)
FM_iter_attr(FM_ITE R_ATTR_CELL_DIMENSION) cell_dimension(cd) &
virtual std::ostream& str(std::ostream& 0) const
return o << "FM_cell_dimension  _iter_attr(" << cell_dimension << ")
}
b
class FM_cell_type_iter _attr  : public FM_iter_attr
{
public:
const FM_cell_type_en um cell_type;
FM_cell_type_iter_att r(FM_cell_type_enum ct)
FM_iter_attr(FM_ITE R_ATTR_CELL_TYPE), cell_type(ct) &
virtual std::ostream& str(std::ostream& 0) const
{
return o << "FM_cell_type_iter _attr(" << cell_type << "
}
b
class FM_time_iter_attr © public  FM_iter_attr
public:
const FM_time<FM_u32> time;
FM_time_iter_attr(con st FM_time<FM_u32>& t)
FM_iter_att((FM_ITE ~ R_ATTR_TIME), time(t) {
virtual td::ostream& str(std::c & 0) const
return o << "FM_time_iter_attr (" << time <<
}
h
class FM_submesh_id_ite r_attr © public  FM_iter_attr
{
public:
const FM_submesh_id submesh_id;
FM_submesh_id_iter_at tr(const FM_submesh_id & sid) :
FM_iter_attr(FM_ITE R_ATTR_SUBMESH_ID), submesh_id(s id) {}
virtual td::ostream& str(std::c & 0) const
{
return o << "FM_submesh_id_ite r_attr(" << submesh_id << ")";
}
b
class FM_axis_begin_ite  r_attr © public  FM_iter_attr
{
public:
const FM_u32 axis, index;
FM_axis_begin_iter_at tr(FM_u32 a, FM_u32 i)
FM_iter_attr(FM_ITE R_ATTR_AXIS_BEGIN), axis(a), index(i) {
virtual td::ostream& str(std::c & 0) const
return o << "FM_axis_begin_ite r_attr(" << axis << ", " << index << ")
}
b
class FM_axis_end_iter_ attr : public FM_iter_attr
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{
public:
const FM_u32 axis, index;

FM_axis_end_ite r_attr(FM_u32 a, FM_u32 i)
FM_iter_attr(  FM_ITER_ATTR_AXIS_END, axis(a),
virtual std::ostream& str(std::ostre am& o) const

{

return o << "FM_axis_en d_iter_attr("
}

g

index(i) O

<< axis << ", " << index << ")

class FM_axis_stride_iter_a tr @ public

{

public:

const FM_u32 axis, stride;
FM_axis_stride_ iter_attr(FM_u32 a, FM_u32s) :
FM_iter_attr((  FM_ITER_ATTR_AXIS_STRDE), axis(a),
virtual std::ostream& str(std::ostre am& o) const

FM_iter_attr

stride(s) {

return o << "FM_axis_st ride_iter_attr(" << axis << ", " << stride << ")
}

h

class FM_simplicial_decompo  sition_iter_attr : public  FM_iter_attr

public:

const FM_u32 simplicial_d ecomposition;

FM_simplicial_d ecomposition_iter_att r(FM_u32 sd) :
FM_iter_attrf(  FM_ITER_ATTR_SIMPLICI AL_DECOMPOSITION),
simplicial_de composition(sd) {

virtual std::ostream& str(std::ostre amé& o) const

return o << "FM_simplic ial_decomposition_iter _attr(" <<
simplicial_decomposit jon << ")

class FM_iter_impl
{
public:
virtual “FM_iter_impl() 0

virtual FM_iter_impl* copy() const = 0;
virtual const FM_cell* advance() = 0;
virtual const FM_cell* dereference() const = 0;

virtual std::ostream& str(std::ostre am& o) const

return o << "FM_iter_im pl";

class  FM_iter

{

public:
FM_iter() impl(0), cell(0) O
FM_iter(FM_iter ~ _impl* i) : impl(),
FM_iter(const FM_iter& iter) :
impl(iter.imp I->copy()),

cell(impl->dereferenc e)) {
celi(impl—>dereferen ce()) {

FM_iter& operator=(const

{

FM_iter&  rhs)

impl rhs.impl->copy() H
cell impl->dereferenc e();
return  *this;

}
“FM_iter()

if (impl) delete impl;
}

inline  const FM_cell* operator++()

return  cell = impl->advance();

void  operator++(int) { (void) operator++(); }

inline const FM_cell* operator*() const { return cell; }
inline bool done() const { return cell == 0; }

friend  bool operator==(co nst FM_iter& Ihs, const FM_iter& rhs)

if  (Ihs.cell == 0 || rhs.cell == 0)
return  lhs.cell == rhs.cell;

else
return  *lhs.cell == *rhs.cell;

}

friend  bool operator!=(co nst FM_iter& Ihs, const FM_iter& rhs)

return  !(lhs == rhs);

private:
FM_iter_impl* impl;
const FM_cell* cell;

b

*

* Copyright () 2000

* Advanced Management Technology, Incorporated

*

* Permission is hereby granted, free of charge,

* to any person obtaining a copy of this software

* and associated  documentation  files  (the "Software"),
*

to deal in the Software without  restriction,
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including without  limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,
subject to the following conditions:

The above copyright notice and this permission
notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARHES PROVIDED"AS IS", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILTY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMET. IN NO
EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, = WHETHER

IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN  CONNECTIONWITH THE SOFTWAREDR
THE USE OR OTHERDEALINGS IN  THE SOFTWARE.

R % R R % K E % K E X E F X E 2 % X %

*
#endif



/I Emacs mode -*-c++-*- /I
#ifndef  _FM_MATRIX_H_
#define  _FM_MATRIX_H_
*

* NAME: FM_matrix.h
*

* WRITTEN BY:

* Patrick ~ Moran
*

#include  "FM_vector.h"

pmoran@nas.nasa.g ov

template  <int M, int N, typename T>
FM_vector<N,T>
operator*(const FM_vector<M ,T>& lhs,
const FM_vector<M ,FM_vector<N,T> >& rhs)
{
T tmp[N], sum;
for (int n =0, n<N; ntt) {
sum = (T) ©;
for (int m=0; m< M; m++) {
sum += |hs[m] * rhs[m][n];

tmp[n] = sum;

return  FM_vector<N,T>(tmp );

}

template  <typename T>
FM_vector<3,T>
operator*(const FM_vector<3 ,T>& I|hs,
const FM_vector<3 ,FM_vector<3,T> >& rhs)

return  FM_vector<3,T>(hs  [0] rhs[0][0] +

Ihs[l]  * rhs[1]0]  +
lhs[2]  * rhs[2][0],
lhs[o]  * rhs[0][1] +
lhs[1]  * rhs[1][1] +
lhs[2]  * rhs[2][d],
lhs[o]  * rhs[0][2] +
lhs[1]  * rhs[1][2] +
Ihs[2]  * rhs[2][2]);

}

template  <typename T>
FM_vector<4,T>
operator*(const FM_vector<4 ,T>& lhs,
const FM_vector<4 ,FM_vector<4,T> >& rhs)

return  FM_vector<4,T>(lhs [01 rhs[0][0] +

lhs[1]  * rhs[1][0] +
lhs[2]  * rhs[2]0]  +
Ihs[3]  * rhs[3][0],

Ihs[o]  * rhs[O][1]  +
Ihs[l]  * rhs[1][]]  +
lhs[2]  * rhs[2][1]  +
Ihs[3]  * rhs[3][1],

lhs[o]  * rhs[0][2] +
lhs[1]  * rhs[1][2] +
lhs[2]  * rhs[2][2] +
Ihs[3] * rhs[3][2],

lhs[o]  * rhs[0][3] +
Ihs[l]  * rhs[1][3]  +
lhs[2]  * rhs[2][3]  +
Ihs[3]  * rhs[3][3]);

template <int M, int N, typename T>

FM_vector<M,T>

operator*(const FM_vector<M ,FM_vector<N,T> >& lhs,
const FM_vector<N ,T>& rhs)

T tmp[M];
for (int m=0; m< M; m++) {
tmp[m] = FM_dot(lhs[m], rhs);

return  FM_vector<M,T>(tmp );

}

template  <typename T>

FM_vector<3,T>

operator*(const FM_vector<3 ,FM_vector<3,T> >& lhs,
const FM_vector<3 ,T>& rhs)

return  FM_vector<3,T>(FM_ dot(lhs[0], rhs),
FM_dot(lhs[1], rhs),
FM_dot(lhs[2], rhs));
}

template  <typename T>

FM_vector<4,T>

operator*(const FM_vector<4 ,FM_vector<4,T> >& l|hs,
const FM_vector<4 ,T>& rhs)

return  FM_vector<4,T>(FM_ dot(lhs[0], rhs),
FM_dot(lhs[1], rhs),
FM_dot(lhs[2], rhs),
FM_dot(lhs[3], rhs));

template <int M, int N, int P, typename T>

FM_vector<M,FM_ve ctor<P,T> >

operator*(const FM_vector<M ,FM_vector<N,T> >& lhs,
const FM_vector<N ,FM_vector<P,T>  >& rhs)

FM_vector<P,T>  tmp[M];
T sum;
for (int m=0; m< M; m++) {
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for (i p=0; p<P; p+tt) {

for (int n =0; n<N; n++)
sum += lhs[m][n] *rhs[n][p]

tmp[m]lp] = sum;

}

return  FM_vector<M,FM _vector<P,T>

{

>(tmp);

template <int M, int N, typename T>

FM_vector<N,F M_vector<M,T> >

FM_transpose( const FM_vector<M,FM_

FM_vector<M,T>  tmp|[N];
for (int m=0;, m< M, m++) {
for (int n =0, n<N; nt+) {
tmp[n]im] = in[m]n];

vector<N,T>  >& in)

return  FM_vector<N,FM _vector<M,T>  >(tmp);

template  <typename T>
FM_vector<3,F M_vector<3,T> >
FM_transpose( const FM_vector<3,FM_

return FM_vector<3,FM _vector<3,T>
(FM_vector<3,T>(in[ 0][0], in[1]
FM_vector<3,T>(in[ 0][1], in[1]
FM_vector<3,T>(in[ 0][2], in[1]

template <int N, typename T>
T FM_det(const FM_vector<N,FM_vect

template <int N, typename T>

vector<3,T> >& in)

>
[0], in[2][0]),
[1], in[2][1]),
[2], in[2][20));

or<N,T>  >&);

T FM_minor(const FM_vector<N,FM_ve ctor<N,T> >& in, int row, int
FM_vector<N-1,FM_vect or<N-1,T> > tmp;
int dst_row, dst_col;
dst_row = 0;
for (int src_row = 0; src_row < N; src_row++) {
if (src_row == row) continue;
dst_ col = 0;
for (int src_col = 0; src_col < N; src_col++) {
if  (src_col == col) continue;
tmp[dst_row][dst_ col] = in[src_row][src _col];
dst_col++;
}
dst_row++;

}
return  FM_det(tmp);

template <int N, typename T>
T FM_det(const FM_vector<N,FM_vect

T sum = (T) O;

for (int n =0, n<N; nt+) {
T minor = FM_minor(in, n, 0);
T cofactor = (n & 1) ? -minor
sum += in[n][0] * cofactor;

return  sum;

template  <typename T>

T FM_det(const FM_vector<1,FM_vect
return  in[0][0];

template  <typename T>
T FM_det(const ~ FM_vector<2,FM_vect

return  in[0][0] *in[1][1] - in[1][0]

template  <typename T>
T FM_det(const FM_vector<3,FM_vect

return
ino]lo]  * (inf1][1] *in[2][2]
inf1]l0]  * (in[0][1] *in[2)[2]
inf2[0]  * (in[O][1] *in[1][2]

template  <typename T>
T FM_det(const  FM_vector<4,FM_vect

or<N,T> >& in)

minor;

or<l,T> >& in)

or<2,T>  >& in)

*

in[O][1];

or<3,T> >& in)

- in[2)1] *in[]i2]) -
- in[2J[1] - * info][2)) +
- in[a[a] o * ino]2));

or<4,T> >& in)

/I columns 2,3

T rorl = in[0][2] * in[1][3] - in[1][2] * in[0][3];

T r0r2 = in[0][2] * in[2][3] - in[2][2] * in[0][3];

T ror3 = in[0][2] * in[3][3] - in[3][2] * in[O][3];

T rlr2 = in[1][2] *in[2][3] - in[2][2] * in[1][3];

T rir3 = in[1][2] * in[3][3] - in[3][2] * in[1][3];

Tra3 =in22] * in3]3] - inEl2]  * in2l[3];

/I column 0

T minor0 = in[1][1] * r2r3 - in[2][1] * rlr3  + in[3][1] * rlr2;
T minorl = in[0][1] * r2r3 - in[2][1] * r0r3  + in[3][1] * 10r2;
T minor2 = in[0][1] * rlr3 - in[1][1] * r0r3  + in[3][1] * r0rl;
T minor3 = in[0][1] * rlr2 - in[1][1] * r0r2  + in[2)[1] * r0rl;
return

in[0][0] * minor0 -

col)



in[1][0]

* minorl +

in[2][0] * minor2 -
in[3][0] * minor3;
}
template <int N, typename T>
FM_vector<N,FM_ve ctor<N,T> >
FM_adj(const ~ FM_vector<N,FM _vector<N,T>  >& in)
{
FM_vector<N,FM_ vector<N,T> > res;
for (int row = 0; row < N; row++) {
for (int col = 0; col < N; col++) {
T minor = FM_minor(in , row, col);
T cofactor = ((row + col) & 1) ? -minor minor;
res[col][row] = cofactor; /I transpose
}
return  res;
}
template  <int N, typename T>
int  FM_inv(const ~ FM_vector<N,FM_vector <N, T> >& in,
FM_vector<N,FM_v ector<N,T> >* out)
{
T det = FM_det(in);
if (det == (T) 0)
return 1;
*out = (T) 1/ det * FM_adj(in);
return  O;
}
template  <typename T>
int  FM_inv(const ~ FM_vector<2,FM_vector <2,T> >& in,
FM_vector<2,FM_v ector<2,T> >* out)
{
T det = FM_det(in);
if (det == (T) 0)
return 1;
T inv.det = (T) 1/ det;
(*out)[0][0] = inv_det * in[1][1];
(*out)[0][1] inv_det * -in[0][1];
(*out)[1][0] inv_det * -in[1][0];
(*out)[1][1] = inv_det * in[0][O];
return  O;
}
template  <typename T>
int  FM_inv(const  FM_vector<3,FM_vector  <3,T> >& in,
FM_vector<3,FM_v ector<3,T> >* out)
/I column 0
T minor0 = in[1][1] *in[2][2] - in2][1] * in[1][2];
T minorl = in[0][1] *in[2][2] - in2][1] * in[0][2];
T minor2 = in[0][1] *in[1][2] - in[2][1] * in[0][2];
T det =
in[0][0] * minor0 -
in[1][0] * minorl +
in[2][0] * minor2;
if (det == (T) 0)
return 1
Tinv_det = (T) 1/ det;
(*out)[0][0] = inv_det * minor0;
(*out)[0][1] = inv_det * -minorl;
(*out)[0][2] = inv_det * minor2;
(*out)[1][0] inv_det * (in[2][0] * in[1][2) S in[go]  *in2l[2);
(*out)[1][1] inv_det * (in[0][0] * in[2][2) - in[20]  * info][2]);
(*out)[1][2] inv_det * (in[1][0] * in[0][2] - ino]0]  * in[a][2);
(*out)[2][0] inv_det * (in[1][0] * in[2][1] - in[20]  *in[a][al);
(*out)[2][1] inv_det * (in[2][0] * in[0][1] - in[0][0] *in[2][1]);
(*out)[2][2] inv_det * (in[0][0] * in[1][1] - in[1][0] * in[0][1]);
return  O;
template  <typename T>
int  FM_inv(const  FM_vector<4,FM_vector  <4,T> >& in,
FM_vector<4,FM_v ector<4,T> >* out)
{
/' compute minors column by column, but fill in (out) row
/I by row to effectively transpose
/I columns 2,3
T rorl in[0][2] *in[1][3] - in[1][2] * in[0][3];
T 10r2 ino][2]  * in[2][3] - in22]  * in[o][3];
Tror3 = in0)[2] * in[3][3] - in[El2]  * in[o][3];
T rir2 in[][2]  * in[2][3] - in22]  * in[as];
T rir3 in[][2]  * in[3][3] - in[El2]  * in[a[s];
Tra3 =in22] * in3]3] - inEl2]  * in2l[3];
/I column 0
T minor0 = in[1][1] * r2r3 - in[2)[1] * i3+ in[3][1] * rlr2;
T minorl = in[0][1] * r2r3 - in[2)[1] * r10r3  + in[3][1] * 10r2;
T minor2 = in[0][1] * rir3 - in[1][1] * r0r3  + in[3][1] * r0rl;
T minor3 = in[0][1] * rir2 - in[1][1] * r0r2  + in[2)[1] * r0rl;
T det =
in[0][0] * minor0 -
in[1][0] * minorl +
in[2][0] * minor2 -
in[3][0] * minor3;
if (det == (T) 0)
return 1
Tinv_det = (T) 1/ det;
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(*out)[0][0] * minor0;
(*out)[0][1] * -minorl;
(*out)[0][2] * minor2;
(*out)[0][3] * -minor3;
/I column 1
minor0 = in[1][0] * r2r3 - in[2][0] * rlr3  + in[3][0] * rlr2;
minorl = in[0][0] * r2r3 - in[2][0] * r0r3  + in[3][0] * 10r2;
minor2 = in[0][0] * rir3 - in[1][0] * r0r3  + in[3][0] * r0rl;
minor3 = in[0][0] * rlr2 - in[1][0] * r0r2  + in[2][0] * r0rl;
(*out)[1][0] = * -minor0;
(*out)[1][1] * minorl;
(*out)[1][2] * -minor2;
(*out)[1][3] = * minor3;
/I columns 0,1
forl = in[OJ0]  * in[1][1] - in[AJ0]  * in[oJ[];
r0r2 = in[0][0] * in[2][1] - in[2][0] * in[0][1];
r0r3 = in[0][0] * in[3][1] - in[3][0] * in[0][1];
rir2 = in[1][0] * in[2][1] - in[2][0] *in[2][1];
rir3 = in[1][0] * in[3][1] - in[3][0] *in[2][1];
r2r3 = in[2][0] * in[3][1] - in[3][0] *in[2][1];
/I column 2
minor0 in[1][3] * r2r3 - in[2][3] * rlr3  + in[3][3] *orlr2;
minorl in[0][3] * r2r3 - in[2][3] * r0r3  + in[3][3] * r0r2;
minor2 in[0][3] * rir3 - in[1][3] * r0r3  + in[3][3] * r0rl;
minor3 = in[0][3] * rir2 - in[1][3] * r0r2  + in[2][3] * 10rl;
(*out)[2][0] = inv_det * minor0;
(*out)[2][1] = inv_det * -minorl;
(*out)[2][2] nv_det * minor2;
(*out)[2][3] = inv_det * -minor3;
/I column 3
minor0 = in[1][2] * r2r3 - in[2][2] * rlr3  + in[3][2] * rlr2;
minorl = in[0][2] * r2r3 - in[2][2] * r0r3  + in[3][2] * 10r2;
minor2 = in[0][2] * rir3 - in[1][2] * r0r3  + in[3][2] * 10rl;
minor3 = in[0][2] * rir2 - in[1][2] * r0r2  + in[2][2] * 10r1;
(*out)[3][0] nv_det * -minor0;
(*out)[3][1] nv_det * minorl;
(*out)[3][2] nv_det * -minor2;
(*out)[3][3] = inv_det * minor3;
return 0;
}
template  <int N, typename T>
void FM_identity(FM_vec  tor<N,FM_vector<N,T> >* out)
T zero = (T) ©O;
Tone = (T) 1
for (int row = 0; row < N; row++)
for (int col = 0; col < N; col++)
(*out)[row][col] = row == col ? one : zero;

typedef FM_vector<2,FM_ vector<2,float> > FM_matrix22f;
typedef  FM_vector<2,FM_ vector<3,float> > FM_matrix23f;
typedef  FM_vector<3,FM_ vector<2,float> > FM_matrix32f;
typedef  FM_vector<3,FM_ vector<3,float> > FM_matrix33f;
typedef  FM_vector<3,FM_ vector<3,double> > FM_matrix33d;
typedef  FM_vector<4,FM_ vector<4 float> > FM_matrix44f;
typedef FM_vector<4,FM_ vector<4,double> > FM_matrix44d;
*
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/I Emacs mode -*-C++-*- " public:

#ifndef _FM_MESH_H_ FM_mesh(FM_properties _cache* pc) :
#define _FM_MESH_H_ FM_mesh_(FM_u32(B), FM_u32(D), pc),
I* FM_field_interface< B,D,FM_vector<D,FM_coo rd> >(this, 0)
* NAME: FM_mesh.h {3
*
* WRITTEN BY: virtual td::ostream& str(std::c & 0) const
* Patrick ~ Moran pmoran@nas.nasa.g ov
* return 0 << "FM_mesh<" << B << "' << D << ">"
#include  "FM_shared_object_  with_properties_cache. h" }
#include  "FM_field_interfac eh"
#include  "FM_iter.h" virtual FM_vector<B,F M_u32>
#include  "FM_interpolate.h” get_base_dimensions(c onst FM_time<FM_u32>* t = 0,
const FM_submesh_id* sid = 0) const
class FM_mesh_: public FM_shared_obje ct with_properties_ca che FM_ostringstream err;
{ err << *this << et_base_di mensions(" <<
public: (t ?* : FM_time<FM_u32>()) << " " <<
const FM_u32 base_dimensi onality; (sid 2 *sid : FM_submesh_id( )) << "): not for this mesh"
const FM_u32 phys_dimensi onality; throw  std::logic_er ror(err.str());
FM_mesh_(FM_u32 b, FM_u32 d, FM_properties_cach e* pc)
FM_shared_obj ect_with_properties_c ache(pc), virtual std::pair<FM_  vector<D,FM_coord>FM_  vector<D,FM_coord> >
base_dimensio nality(b), get_bounding_box(cons  t FM_time<FM_u32>* t = 0,
phys_dimensio nality(d) const FM_submesh_id* sid = 0) const
{
std::pair<FM_vector <D,FM_coord>,FM_vector ~ <D,FM_coord> > bb;
virtual FM_u64 get_card(FM_u32, FM_u32 = 0, const FM_time<FM_u32>* = 0, FM_iter_attrs iter_attrs;
const FM_submesh_id* = 0) const = O; if (t && t->defined())
iter_attrs.push_b ack(new FM_time_iter_a  ttr(*t));
virtual bool get_structur  ed_behavior(const FM_time<FM_u32>* = 0, if (sid && sid->defined())
const FM_submesh_id* = 0) const iter_attrs.push_b ack(new FM_submesh_id_ iter_attr(*sid));
FM_iter iter = begin(iter_attr s);
return  false; FM_iter e = end();
FM_vector<D,FM_coor d> cv;
int res = FM_OK;
virtual FM_u64 cell_to_enum(const FM_cell*) const = O; bool first = true;
virtual FM_ptr<FM_cell>  enum_to_cell (FM_u64, FM_u32, FM_u32 = 0, for (; iter 1= e; +titer) {
const FM_time<FM_u32>* = 0, res = at_cell(*it er, &cv);
const FM_submesh_id* = 0) const = 0; if (res != FM_OK) break;
it (first) {
virtual std::vector<FM_pt r<FM_cell> > bb.first =cv;
faces(const FM_cell*, FM_u32) const = 0O; bb.second = cv;
first = false;
virtual std::vector<FM_pt r<FM_cell> > continue;
adjacencies(con st FM_cell* c¢) const
FM_operator_min_m ax_equals(bb, cv);
std::vector<F M_ptr<FM_cell> > adjacent_cells; }
FM_u32 d = c->get_dimen sion(); if (res = FM_OK) {
if (d == 0] d == base_dimensiona lity) { FM_ostringstream err;
FM_u32dl =(d ==07?1:d- 1) err << *this << ":get_bound ing_box(" <<
std::vector<FM_ptr<FM _cell> > cellsl = faces(c, d1); (t ?* : FM_time<FM_u32>()) << ", " <<
std::vector<FM_ptr<FM _cell>  >:const_iterat or iter; (sid ? *sid : FM_submesh_id()) << "): got res " << res;
for (iter = cellsl.begin(); iter 1= cellsl.end(); ++iter) { throw  std::logic_ error(err.str();
std::vector<FM_ptr< FM_cell> > cells = faces(*iter, d);
if (cells.size() == size_t(2)) return  bb;
adjacent_cells.pu sh_back(*cells[0] 1= *c ? cells[0] : cells[1]); }
return  adjacent_cells H virtual int
} at_phys(const FM_phys<D>& p, FM_context*  ctxt,
FM_vector<D,F M_coord>* val) const
FM_ostringstr ~ eam err; {
err << *this << ":adjacencies(" << *¢ << ) M o<< FM_ptr<FM_cell>  c;
"only for cells with dimension 0 or B (" << base_dimensionality << ") int res = phys_to_cell(p, ctxt,  &c);
throw  std::logic_error( err.str(); if (res != FM_OK) return res;
} *val =
return  res;
virtual FM_iter begin() const = 0; }
virtual FM_iter  begin(const FM_iter_attrs&) const = O;
inline FM_iter end() const { return FM_iter(); } virtual int
base_to_cell(const FM_base<B>&, FM_ptr<FM_structured_ B_cell<B> >*) const
virtual FM_ptr<FM_shared_ object> {
get_aux(const std::string & key, FM_u32 pass, return ~ FM_NOT_DEFID;
const FM_time<FM_u32>* t, const FM_submesh_id* sid) const
{
if (key == "base_dimens ionality") { virtual int
return  new FM_simple_value<FM_u3 2>(base_dimensionalit y)i base_to_phys(const FM_base<B>& b, FM_context* ctxt, ~FM_phys<D>* p) const
{
else if (key == "phys_dimensionali ty)  { int res = at_base(b, ctxt,  p);
retun  new FM_simple_value<FM_u3 2>(phys_dimensionalit y); p->time.set_undefin ed();
return  res;
else if (key == "n_submeshes") { }
return  new FM_simple_value<FM_u3 2>(0);
virtual int
else if (key == "structured_behavi o) { phys_to_base(const FM_phys<D>&, FM_context*, FM_base<B>*,
return  new FM_simple_value<bool>  (get_structured_behav ior(t, sid)); FM_ptr<FM_structure  d_B_cell<B> >* = 0) const
}
return  FM_shared_object _with_properties_cache ::get_aux(key, pass, t, sid); return  FM_NOT_DEFINED;
} }
virtual std::set<std::str ing> virtual int
get_property_na  mes_aux(std::set<std: :string>& property_na mes, phys_to_cell(const FM_phys<D>&, FM_context*, FM_ptr<FM_cell>*) const = 0;
const FM_time<FM_u32>* t,
const FM_submesh_id* sid) const
{ virtual FM_vector<D,F M_coord> centroid(cons t FM_cel* c¢) const
property_name s.insert("base_dimens ionality");
property_name s.insert("phys_dimens ionality"); std::vector<FM_vect or<D,FM_coord> > vertex_coordina tes;
property_name s.insert("n_submeshes ") int res = at_cell(c, &vertex_coordinates) H
property_name  s.insert("structured_ behavior"); if (res != FM_OK) {
return  FM_shared_object _with_properties_cache o FM_ostringstream err;
get_property_names_au  x(property_names, t, sid); err << *this << ":centroid( " << *¢ << ") at_cell res " << res;
} throw  std::logic_ error(err.str());
h }
FM_vector<D,FM_coor d> cen = vertex_coordi nates[0];
for (size_t i =1; i < vertex_coordinates .size(); i++)
template <int B, int D> cen += vertex_coordinatesi] H
class FM_mesh : cen *= FM_coord(l) / FM_coord(vertex_coor  dinates.size());
public  FM_mesh_, return  cen;
public  FM_field_interface <B,D,FM_vector<D,FM_co ord> > }

{
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virtual FM_ptr<FM_shared_ object>
get_aux(const std::string & key, FM_u32 pass,

const FM_time<FM_u32>* t, const FM_submesh_id* sid) const

{
if (key == "bounding_bo x") {

std::pair<FM_vector<D ,FM_coord>, ~ FM_vector<D,FM_coord > > min_max =
get_bounding_box(t, sid);

std::vector<FM_ptr<FM _shared_object> > lo_values(D);

std::vector<FM_ptr<FM _shared_object> > hi_values(D);

for (int j =0; j <D; j+t) {
lo_valueslj] = new FM_simple_value<FM_coo rd>(min_max.first[j])
hi_valueslj] = new FM_simple_value<FM_coo rd>(min_max.second[j]

return  new FM_tuple_value(new FM_tuple_valu e(lo_values),
new FM_tuple_valu e(hi_values));

return  FM_mesh_:get_au x(key, pass, t, sid);

}

virtual std::set<std::str ing>

get_property_na  mes_aux(std::set<std: istring>& property_na mes,
const FM_time<FM_u32>* t,
const FM_submesh_id* sid) const

{

property_name  s.insert("bounding_bo X");

return  FM_mesh_::get_pr operty_names_aux(prope  rty_names, t,
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/I Emacs mode -*-C++-*- n
#ifndef  _FM_MUTEX_H
#define _FM_MUTEX_|
I

* NAME: FM_mutex.h
*

* WRITTEN BY:

* Patrick  Moran pmoran@nas.na sa.gov
*

#include  <pthread.h>

class FM_mutex

{

public:

FM_mutex() { pthread_mutex_init( &mutex, 0); }
“FM_mutex() { pthread_mutex_dest roy(&mutex); }

inline int lock() { return pthread_mutex_lo  ck(&mutex);
inline int unlock() { return pthread_mutex_ unlock(&mutex);

private:
pthread_mutex_t mutex;
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/I Emacs mode -*-c++-*-  //

#ifndef

_FM_ORIENT_H_

#define _FM_ORIENT_H_
A

* NAME: FM_orient.h
*

* WRITTEN BY:

* Patrick ~ Moran pmoran@nas.nasa.g ov
¥
!
#include  <stdlib.h>
#include  <assert.h>
#include  "FM_vector.h"
#include  "FM_combinatorics. h"

const char* FM_orientation_  names[3] = {
"outside", "orientation 0", ‘inside"
h
/I Return:
" 1if cis to the left of the line through ab (from a to b)
" -1 if cis to the right of the line through ab
n 0 if c is colinear with ab
I
/I This is equivalent to evaluating the sign of the determinant:
"
/i | a[0] a[1] 1|
I | blo] b[] 1|
" | c0] c1] 1|
I
template  <typename T>
int  FM_orient(con st FM_vector<2,T>& a,
const FM_vector<2,T>& b,
const FM_vector<2,T>& c)
return  FM_sign(a[0] * (b[1] - c[1]) - b[0O] * (a[l] - c[1]) +
co] * (a[1] - b[1])
}
/I Return:
" 1 if d sees triangle abc vertices counterclockwise
" -1 if d sees triangle abc vertices clockwise
" 0 if dis coplanar with abc
I
template  <typename T>

int FM_orient(con st FM_vector<3,T>& a, const FM_vector<3,T> & b,
const FM_vector<3,T>& ¢, const FM_vector<3,T> & d)
return  FM_sign(FM_dotd - a, FM_cross(b - a, c - a)));
template <>
int  FM_orient(con st FM_vector<3float> & a, const FM_vector<3 float>& b,
const FM_vector<3,float> & c, const FM_vector<3 float>& d)
/I computed manually for performance, doubles for fewer round-off problems
double ba_x = b[0] - a[0];
double ba_y = b[1] - a[l];
double ba_z = b[2] - a[2];
double ca_x = c[0] - a[0];
double cay = c[1] - a[1];
double ca_z = c[2] - a[2];
return  FM_sign((d[0] - a0) * (bay * caz - cay * baz +
(d[a] - a[l]) * (cax * baz - bax * caz) +
d2] - a[2) * (bax * cay - cax * bay);
}
/I Compute orientation of e with respect to quadrilateral abced
Il by treating abcd as two triangles: abc and acd.
"
/I Let there be a viewer who sees abcd counter-clockwise (e.g. from
/I a position inside a 3-cell). Return:
I
" 1 if e on same side of quadrilateral abcd as viewer
n -1 if e on opposite side of quadrilateral abcd with respect to viewer
n 0 if e is coplanar with abcd
"
/I The result is computed by doing two orientation tests, one for e
/I with respect to abc, and one for e with respect to acd.
/I If these two tests agree, we conclude we're done. If they don't,
Il take the largest magnitude  result, based on triangles abd, abc,
/I bed, and acd.
I
template  <typename T>
int FM_orient(con st FM_vector<3,T>& a, const FM_vector<3,T> & b,
const FM_vector<3,T>& ¢, const FM_vector<3,T7> & d,
const FM_vector<3,T>& e)
{
FM_vector<3,dou ble> ba(b - a);
FM_vector<3,dou ble> ca(c - a);
FM_vector<3,dou ble> da(d - a);
FM_vector<3,dou ble> ea(e - a);
int abc_orient = FM_sign(FM_dot(ea, FM_cross(ba, ca)));
int acd_orient = FM_sign(FM_dot(ea, FM_cross(ca, da)));
if  (abc_orient == acd_orient)
return  abc_orient;
int  verbosity =1;
if  (verbosity >0) {
std::cerr << "FM_orient(" << a<<" " <<b<<" << ¢ << " "<
d<<" " <<e<<") << stdiendl
std::cerr << "abc_orient: " << abc_orient;
std::cerr << ", acd_orient: " << acd_orient << std::endl;
}
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FM_vector<3,double> cb(c - b);
FM_vector<3,double> dc(d - c)
FM_vector<3,double> eb(e - b);
FM_vector<3,double> ecle - c);
FM_vector<3,double> ed(e - d);

const char* triangle_names[4] = {"abd", “abc", "bcd", “acd"};
double results[4];

results[0] = FM_dot(ea, FM_cross(ba, da));
results[1] = FM_dot(eb, FM_cross(cb, -ba));
results[2] = FM_dot(ec, FM_cross(dc, -cb));
results[3] = FM_dot(ed, FM_cross(-da,  -dc));
int i, largest_result =0

for (i =1; i < 4; i++)

if (FM_abs(results[ i
largest_result =i

> FM_abs(results][l argest_result]))

}
int res = FM_sign(res ults[largest_result]);
if  (verbosity > 0)
for (i =0; i <4 i++)
std::cerr << triangle_names[ ] << " orient result: "o<<
results[i] << std:endl;
err << "largest magnitude result " <<
“(triangle " << triangle_nam es[largest_result] << ") M o<<
results[largest_r esult] << std::endl;
std::cerr << "FM_orient(" <<a<<" " <<b<<" " <<c<<"
d<<" " << e <<") returning " << res << std:endl;
}
return  res;
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/I Emacs mode -*-c++-*-  //

#ifndef ~_FM_OSTRINGSTREAM_H

#define _FM_OSTRINGSTREAM_H

*

* NAME: FM_ostringstream.h

*

* WRITTEN BY:

* Patrick ~ Moran pmoran@nas.nasa.g ov

*

* DESCRIPTION:

* FM_ostringstream provides a work-around  for systems

* that do not have std:ostrings tream yet, using the

* deprecated  std::ostrstream. We basically define a

* new class (FM_ostringstream) derived  from std::strstream,

* with a redefined str() method that handles string  termination

* and memory management properly.

*

* SEE ALSO:

* N. Josuttis. The C++ Standard Library: A Tutorial and

* Reference,  Addison-Wesley, 2000, pages 649-651. This

* is the best reference | have found that explains how

* strstream  works.

*

#if  defined(__GNU C_)

#ifndef ~ FM_NO_STRINGSTREAM

#define  FM_NO_STRINGSTREAM

#endif

#endif

#ifndef ~ FM_NO_STRINGSTREAM

#include  <sstream>

typedef  std::ostringstream FM_ostringstream;

#else

#include  <strstream>

#include  <string>

class FM_ostringstream public  std::ostrstream

{

public:

std::string str()
/I the std::ostrstream: :str() method does not automatically
/I terminate  the string with 0, so we must ensure that it is
/I terminated  ourselves.
*this << std:ends;
/I The std:ostrstream: :str() call internally calls freeze()
/I on the buffer, meaning that ownership of the memory is
Il transferred to the caller. Wedo not want to be responsible
Il for the deallocation (for among other reasons because we do
/' not know how it was allocated) so we "unfreeze" to transfer
/I deallocation duties back to ostrstream.
const char* res = std:ostrstream: istr();
freeze(false) H
return  std::string(res) H

}

b

#endif
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/I Emacs mode -*-C++-*- n
#ifndef _FM_PHYS_H_
#define _FM_PHYS_H_

*

* NAME: FM_phys.h

*

* WRITTEN BY:

* Patrick  Moran pmoran@nas.na sa.gov
¥

!

#include  "FM_vector.h"

#include  "FM_time.h"

template  <int D>

class FM_phys : public FM_vector<D,FM_coord>

public:

FM_time<FM_coord> time;
FM_phys() {}
FM_phys(const
FM_phys(const

(dat) {

FM_coord dat[]) FM_vector<D,FM_coord>
: FM_vector<D ,FM_coord>(v)  {}

FM_vector<D,FM_coo rd>& V)

b
template <>
class FM_phys<1> : public FM_vector<1l,FM_coor d>
public:
FM_time<FM_coord> time;
FM_phys() {}
FM_phys(const ~ FM_coord dat[]) FM_vector<1,FM_coord> (dat) {}
FM_phys(const ~ FM_vector<1,FM_coo rd>& V) FM_vector<l ,FM_coord>(v)  {}
FM_phys(const ~ FM_coord& a0) :
FM_vector<1,FM_coor d>(@0) {}
h
template <>
class FM_phys<2> : public FM_vector<2,FM_coor d>
{
public:
FM_time<FM_coord> time;
FM_phys() {}
FM_phys(const ~ FM_coord dat[]) FM_vector<2,FM_coord> (dat) {}
FM_phys(const  FM_vector<2,FM_coo rd>& v) : FM_vector<2 ,FM_coord>(Vv) 4
FM_phys(const FM_coord& a0, const FM_coord& al)
FM_vector<2,FM_coor d>(a0, al) {}
h
template <>
class FM_phys<3> : public FM_vector<3,FM_coor d>
public:
FM_time<FM_coord> time;
FM_phys() {
FM_phys(const  FM_coord dat[]) FM_vector<3,FM_coord> (dat) {}
FM_phys(const  FM_vector<3,FM_coo rd>& V) FM_vector<3 ,FM_coord>(v)  {}
FM_phys(const FM_coord& a0, const FM_coord& al, const FM_coord& a2) :
FM_vector<3,FM_coor d>(a0, al, a2) {}
b
template  <int D>
std::ostream& operator<<(std::ostr eam& lhs, const FM_phys<D>& rhs)
lhs << ("
int i
for (i =0; i <D; i+ {
it (@ >0 lhs <<,
Ihs << rhs[i];
if  (rhs.time.defined( ) {
if (++ >0) lhs << "
lhs << "time=" << rhs.time.get  ();
return  lhs << )%
}
*
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*
#endif
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/I Emacs mode -*-C++-*- n
#ifndef ~_FM_PRODUCT_MESH
#define _FM_PRODUCT_MES
I

* NAME: FM_product_mes h.h
*

* WRITTEN BY:

* Patrick  Moran pmoran@nas.na sa.gov

*
!
#include  "FM_structured _mesh.h"

template <int B, int D>

class FM_product_mesh : public ~FM_structured_ mesh<B,D>
{
public:
const std::ivector<FM_  ptr<FM_structured_mesh <1,1> > > axes;
FM_product_mesh(const std::vector<FM_ptr<FM _structured_mesh<1,1> > >&
FM_properties_ca che* pc = 0) :
FM_structured_mesh<  B,D>(pc),
axes(a)
{
if (axes.size() = size_t(B)) {
FM_ostringstream err;
err << "FM_product_mesh<" << B << "" << D << ">:FM_product _mesh:
err << “expecting " << B << " axes, got " << axes.size();
throw std::logic_ error(err.str());
}
FM_vector<1,FM_u32>  dimension;
for (int i =0; i <B; i++) {
dimension = axes[i]->get_bas e_dimensions();

const_cast<FM_u32  &>(dimensions[i])

init(dimensions);

}

protected:

= dimension[0] ;

FM_product_mesh(const FM_vector<B,FM_u32>& d, FM_properties_cach e* pc

FM_structured_mesh< B,D>(d, pc),
axes(B)

/I axes filled in by derived class constructor

}
public:
virtual td::ostream& str(std::c & 0) const
{
return o << "FM_product_mesh<" << B << """ << D << "
}
virtual int
at_cell(const FM_cell* c, std:vector<FM_ve ctor<D,FM_coord>  >* vals)

FM_u32 d = c->get_dimension();

FM_u32 n = c->is_subsimplex() ?2d+ 1: FM_pow_2(d);

FM_u32 previous_siz e = vals->size();
vals->resize(previo us_size + n);

return  FM_product_m esh::at_cell(c, &(*vals)[previou s_size]);
}

virtual int

at_cell(const FM_cell* ¢, FM_vector<D,FM_co ord>* vals) const

const FM_structured _cell<B>*  sc
dynamic_cast<cons t FM_structured,
if (sc ==0)

FM_throw_bad_cell _argument(this,

FM_base<1,FM_u32> b(c->get_tim (),

FM_u32 d = sc->get_dimension() H

FM_vector<1,FM_coor d> coordinate;

if  (sc->is_subsimpl ex() {
/lassert(B 2| B==23)
FM_u32 subid = sc->get_subid ();
FM_u32 n =d + 1;

cell<B >*>(c);

"at_cell", c);

c->get_submesh_i  d();

for (FM_u32 i =0; i <n; i++) {
FM_u32 mask = 1;
int j;
for (G =0; j <B; j#+¥) {
b[0] = sc->get_index(j);
if (FM_structured_hexahe dron_subfaces[d][subi d][i] & mask)

b[0]++;

int res = axes[j]->at_ba se(b, &coordinate);

if (res != FM_OK) return res;
valsfi][j] = coordinate[0];
mask <<= 1;
}
for (; j <D; j+)
vals[i][j] = FM_coord(0);
}
else {

FM_u32 n = FM_pow_2(d);
FM_vector<B,bool> free_indices

for (FM_u32 i = 0; i <n; i++)
FM_u32 mask = 1;
int j;

for (. =0; j <B j+) {
b[0] = sc->get_index(j);

= alignments[d][sc ->get_alignment()];
{

& mask))

axesl[j]->at_ba se(b, &coordinate);

if (free_indicesl[j] && (i
b[0]++;

int res
if (res != FM_OK) return res;
valsfi][j] = coordinate[0];
mask <<= 1;

}

for (5 j <D j)
valsfi][j] = FM_coord(0);

a,

=0)

const



}

return

}

FM_OK;

virtual int phys_to_base(

int res;
FM_base<1> b1;

const FM_phys<D>& p,
FM_base<B>* b,
FM_ptr<FM_structured_B

FM_context*

_cell<B>

FM_vector<B,F M_u32> indices;

for (nt i =0; i <B;
res = axes[i]->phys_t
if (res I=
(o)l = bi[o];
indicesli]
if  (indicesli]
}
if  (sc)
*sc
return

}

virtual

= new FM_structur
res;

std::pair<FM_vect

FM_OK) return

i++) |
o_base(p[i],
res;

ctxt,  &bl);

= FM_u32((*b)[i]);
== dimensionsli] -1

indicesli]--;

ed_B_cell<B>(indices);

or<D,FM_coord>,FM_vect

ctxt,

>* s¢ =

or<D,FM_coord>

>

sid);

get_bounding_bo x(const FM_time<FM_u32>* t = 0,
const FM_submesh_id * sid = 0) const
{
std::pair<FM_  vector<D,FM_coord>,FM  _vector<D,FM_coord> > bb;
int i;
for (i =0; i <B; i+4)
std::pair<FM_vector<1 ,FM_coord>,FM_vector<1 ~ ,FM_coord> >
axis_bounding_inter val = axes[i]->get_bou nding_box(t,
bb.first[i] = axis_bounding_inte rval.first[0];
bb.second][i] = axis_bounding_int erval.second[0];
for (; i <D; i++) {
bb.first[i] = FM_coord(0);
bb.second[i] = FM_coord(0);
return  bb;
}
b
P
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/I Emacs mode -*-C++-*- n
#ifndef ~_FM_PROPERTIESCACHE_H,
#define _FM_PROPERTIESCACHE_|
I

* NAME: FM_properties_  cache.h
*

* WRITTEN BY:

* Patrick ~ Moran
*
#include  <map>
#include  "FM_shared_obj ect.h"

typedef  std::string FM_properties_ ki
typedef
FM_properties _map;

class FM_properties_cac  he : public
{
public:
FM_properties_cache() {8
FM_properties_cache(c onst
properties_cache(pr ops) {}

virtual FM_ptr<FM_sha red_object>
get(const std::string & key,

const FM_time<FM_u32>* = 0, c
{

FM_ptr<FM_shared_ob ject> res;
properties_cache_mu  tex.lock();
FM_properties_map:: const_iterator
properties_iter = properties_cac
if (properties_iter I=

res = (*propertie s_iter).second;
properties_cache_mu  tex.unlock();
return res;
}
virtual std::set<std: :string>

get_property_names_au

const  FM_ti
{
properties_cache_mu  tex.lock();
FM_properties_map:: const_iterator
for (i = properties_cache.begi n
property_names.in sert((*i).first);

properties_cache_mu  tex.unlock();
return  property_nam es;

}
void

std::string & key,
FM_time<FM_u32>*

virtual
set(const
const

const
=0,

properties_cache_mu  tex.lock();
properties_cache[ke y] = property;
properties_cache_mu  tex.unlock();

private:
FM_properties_map
mutable

properties_cac h

Copyright
Advanced Management Technology,

() 2000

Permission is hereby granted, fre
to any person obtaining a copy of
and associated  documentation files
to deal in the Software without

including without  limitation the
copy, modify, merge, publish,
and/or sell copies
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subject to the following
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std::map<FM_pro perties_key,FM_ptr<FM_

properties_cache.e

X(std::set<std::string

const

distribute,
of the Software,
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ey;

FM_shared_object

FM_properties_map & props)

onst FM_submesh_id*

he.find (key);

nd()

ime<FM_u32>*  const

0; 0 l=

properties_

FM_shared_object*
FM_submesh_id*

e;

FM_mutex properties_cach e_mutex;

Incorporated

e of charge,
f this  software
(the "Software"),
restriction,
rights  to use,
sublicense,
and to permit
furnished to do so,

conditions:

permission
copies or substantial

WITHOUTWARRANTY
INCLUDING BUT NOT

>& property_!

cache.end();

shared_object> >

= 0) const

names,
FM_submesh_id*)

property,
=0)
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#ifndef

Emacs mode -*-c++-*- n
_FM_REGULAR_INTERVAH_

#define _FM_REGULAR_INTERVAH_
A

* NAME: FM_regular_interva L.Lh

*

* WRITTEN BY:

* Patrick ~ Moran pmoran@nas.nasa.g ov
*

#include  "FM_structured_mes  h.h"

class FM_regular_interval

public  FM_structured,

public:
const FM_coord origin;
const FM_coord spacing;

FM_regular_inte

FM_structured _mesh<1,1>(d, pc), origin(o),
virtual std::ostream& str(std::ostre amé& o) const
return o << "FM_regular _interval";
}
virtual int
at_cell(const FM_cell* ¢, std::vector<FM_vector <1,FM_coord>
FM_u32 n_indices;
FM_u64 indices[2];
c->structured  _mesh_vertex_indices( this,  &n_indices, indices);
for (FM_u32 i = 0; i < n_indices; i++)
vals->push_back(origi n + FM_coord(indices]i 1) * spacing);
return FM_OK;
}
virtual int
at_cell(const FM_cell* ¢, FM_vector<1,FM_coord> * vals) const
FM_u32 n_indices;
FM_u64 indices[2];
c->structured  _mesh_vertex_indices( this,  &n_indices, indices);
for (FM_u32 i = 0; i < n_indices; i++)
valsli] = origin  + FM_coord(indi  cesli]) * spacing;
return FM_OK;
}
virtual int

rval(FM_u32 d,
FM_coord o = FM_coord(0),
FM_coord s = FM_coord(1),
FM_properties_ca  che* pc

phys_to_base(co nst FM_phys<1>& p, FM_context,

{

if (res = FM_OK) return res;
if (sc)
res = base_to_cell(*b , sC);
return  res;
}
virtual std::pair<FM_vect or<1,FM_coord>,FM_vect

get_bounding_bo  x(const

FM_ptr<FM_st ructured_B_cell<1>

*b)[0] = (p[0] - originy / spacing;
int res = (FM_coord(0) <= (*b)[0] &&
(*b)[0] <= FM_coord(dim ensions[0]
FM_OK: FM_OUT_OF_BQWDS;

FM_time<FM_u32>* = 0,

return  std::pair<FM_vec  tor<1,FM_coord>FM_vec
(origin, origin  + FM_coord(dimen sions[0]
Copyright ~ (c) 2000
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spacing(s) 0
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>

>* vals)

const FM_submesh_id*

tor<1,FM_coord>
- 1) * spacing);
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n

#ifndef
#define _FM_REGULAR_MES|
I

*
*
*

*

*
!

#include
#include

Emacs mode -*-C++-*- n
_FM_REGULAR_MESH

NAME: FM_regular_mes h.h

WRITTEN BY:
Patrick  Moran

"FM_product_me sh.h"

"FM_regular_in  terval.h"

template <int B, int D>

class FM_regular_mesh

public

{
public:

FM_regular_mesh(const

{

for (int i =0; i < B; i++)

const_cast<FM_ptr  <FM_structured_mesh<1,
new FM_regular_ interval(d[i]);

}
virtual td::ostream& str(std::c & 0) const
{

return 0 << "FM_regular_mesh<" << B << "'
}

FM_vector<B,FM_u32>&
FM_product_mesh<B,D >(d, pc)

Copyright  (c) 2000

Advanced Management Technology, Incorporated
Permission is hereby granted, free of charge,
to any person obtaining a copy of this
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FM_product_mes h<B,D>

d, FM_properties_cach

1> >&>(axesli])

<< D << ™Y

or substantial
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INCLUDING BUT NOT
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/I Emacs mode -*-c++-*- /I
#ifndef _FM_RESULTS_H_
#define _FM_RESULTS_H_
*

* NAME: FM_results.h
*
* WRITTEN BY:

* Patrick ~ Moran
*

pmoran@nas.nasa.g ov

const int FM_OK= 0;

const int FM_OUT_OF_BOUNDS 1;

const int FM_BLANKED_DATA: 2;

const int FM_POINT_LOCATIONFAILED = 3;

const int FM_IO_ERROR= 4;

const int FM_INTERPOLATIONERROR= 5;

const int FM_NOT_DEFINED= 6;

const int FM_POINT_LOCATE_MLKED_OFF_MESH: 7;
const int FM_POINT_LOCATE_BUCK = 8;

const int FM_POINT_OUTSIDEBOUNDING_BOX 9;

Copyright ~ (c) 2000
Advanced Management Technology, Incorporated
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THE SOFTWARHS PROVIDED"AS IS", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMENT.IN NO
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/I Emacs mode -*-C++-*- n
#ifndef _FM_SHARED_OBJIET_H_
#define _FM_SHARED_OBJIET_H_
I

* NAME: FM_shared_obje ct.h
*

* WRITTEN BY:

* Patrick ~ Moran

*

#include  <iostream>

#include  <vector>

#include  <set>

#include  <stdexcept>
#include  <typeinfo>

#include  <assert.h>

#include  "FM_mutex.h"
#include  "FM_submesh_id .h"
#include  "FM_time.h"
#include  "FM_returns.h"
#include  "FM_ostringstr ~ eam.h”

pmoran@nas.na sa.gov

/I FM_ptr is a "smart pointer" for pointing at FM_shared_object's.
template  <typename T>

class FM_ptr

{

public:
FM_ptr) @ ptr(0) {
FM_ptr(const ~ T* p) : ptr(p)
{

if (ptr)  ptr->increment_refere nce();
/I NOTE:
/I 1t is essential to still provide the copy constructor
/I and assignment operator  definitions as untemplated member
/I functions, in addition to the corresponding templated
/I member functions. Without the untemplated member functions,
/I the compiler will silently generate its default  code
/' when it encounters an argument of the type *this. The
/I implicit code does not manage reference  counts properly,

/I so we must prevent the compiler from emitting it.

template  <typename S>
FM_ptr(const FM_ptr<S>& p)

ptr(dynamic_cast<co nst T*>(static_cast<co nst  S*>(p)))
{
it (ptr)
ptr->increment_re ference();
}
else {
if (static_cast<c onst S*>(p)) {
FM_ostringstrea  m err;
err << "FM_ptr<" << typeid(T).name() << ">UFM_ptr(FM_ptr<
typeid(S).nam e() << ">&): bad dynamic cast";
throw  std::logic_error(err .str());
}
}
}
FM_ptr(FM_ptr<T>& p) : ptr(static_cast<cons t T*>(p)
{
if (ptr)  ptr->increment_refere nce();

template  <typename S>

const FM_ptr<T>& operator=(const FM_ptr<S>& rhs)

const T* tmp = dynamic_cast<co nst T*>(static_cast<c onst  S*>(rhs));

if (static_cast<con st S*>(rhs) && !tmp) {
FM_ostringstream err;

err << "const FM_ptr<" << typeid(T).nam e() <<
">& operator=(c onst FM_ptr<" <<
typeid(S).name( ) << ">&): bad dynamic cast";
throw  std::logic_ error(err.str();

}
set(tmp);
return  *this;

}

const FM_ptr<T>& operator=(const FM_ptr<T>& rhs)

set(static_cast<con st T*>(rhs));

return  *this;

}

“FM_ptr()

it (ptr) {
if (ptr->decremen t_reference() == 0) {
delete  ptr;
}

}

}

inline const T* operator->() const { return ptr; }

inline operator  const T*() const { return ptr;
void set(const  T* t)

if () t->increment _reference();
it (ptr) {
if (ptr->decremen t_reference()
delete  ptr;
}

}
prr =t

<<



const FM_ptr<T>& operator=(const T* rhs)
set(rhs);
return  *this;
}
protected:
const T* ptr;
h
template  <typename S, typename T>
bool operator==(c onst FM_ptr<S>& lhs, const FM_ptr<T>& rhs)
return  static_cast<const S*>(lhs) == static_cast<const T*>(rhs);
}
/I Wecan get the following from some STL implementations, to
/I avoid ambiguity problems we do not define our own if we get
/I STL's definition:
I
Iltemplate <class _Tp>
Ilinline bool operatorl=(co nst _Tp& __x, const _Tp& _y) {
I retun Y x == _y);
n
#ifndef __ SGI_STL_INTERNAL_RELOPS
template  <typename S, typename T>
bool operator'=(c  onst FM_ptr<S>& lhs, const FM_ptr<T>& rhs)
return  !(lhs == rhs);
}
#endif
template  <typename T>
std::ostream& operator<<(st  d:ostream& s, const FM_ptr<T>& p)
return s << static_cast<c  onst T*>(p);
}
/I FM_shared_obje ct is the base class for reference counted shared objects.
class FM_shared_object
{
public:
FM_shared_objec t() reference_count  (0)
{
#ifdef ~FM_SHARED_OBJECT_DEB
/I do not call virtual functions (re)defined by subclasses yet
Il std::cout << *this << " constructing” << std::endl;
std::cout << this << " constructing” << std::endl;
#endif
}
virtual “FM_shared_object ()
{
#ifdef FM_SHARED_OBJECT_DEB
/I do not call virtual functions  (re)defined by subclasses now ...
Il std::cout << *this << " destructing" << std::endl;
std::cout << this << " destructing” << std:endl;
#endif
assert(refere nce_count == 0);
inline int get_reference_ count() const { return reference_count; }
virtual std::ostream& str(std::ostre amé& o) const
return o << this;
}
friend  std:ostream& operator<<(std: :ostream& o, const FM_shared_obj ect& so)
return  so.str(o0);
}
virtual FM_ptr<FM_shared_ object>
get(const  std::string& key,
const FM_time<FM_u32>* t = 0, const FM_submesh_id* sid = 0) const
FM_ptr<FM_sha red_object> property = get_aux(key, 0, t, sid);
if  (property == 0)
property = get_aux(key, 1, t, sid);
if  (!property) {
FM_ostringstream err,
err << *this << ":get(\"™ << key << ", "
err << (t ? *t FM_time<FM_u32>()) << ",
err << (sid ? *sid FM_submesh_id()) << undefined";

throw  std::logic_erro r(err.str());

return  property;
virtual std::set<std::str ing>
get_property na  mes(const FM_time<FM_u32>* t = 0,
const FM_submesh_id* sid = 0) const
std::set<std: :string> property_nam es;
return  get_property_nam  es_aux(property_names, t, sid);
template  <typename T>
void get_simple_value(con st std::string&, T*, const FM_time<FM_u32>* = 0,
const FM_submesh_id* = 0) const;
protected:
virtual FM_ptr<FM_shared_ object>
get_aux(const std::string &, FM_u32,
const FM_time<FM_u32>* const FM_submesh_id*) const
return  O;

virtual std::set<std:
get_property_names_au

istring>

x(std::set<std::string
const

return

property_nam es;

private:

template  <typename T> friend class FM_ptr;

int increment_referen ce() const
mutex.lock();
int res = ++reference_count;
#ifdef  FM_SHARED_OBJECDEBUG
std::cout << *this << " increment_referen
<< reference_count << std::endl;
#endif
mutex.unlock();
return  res;

}

int decrement_referen  ce() const
mutex.lock();
int res = --reference_count;

#ifdef  FM_SHARED_OBJECDEBUG
std::cout << *this << " decrement_referen

<< reference_count << std::endl;

#endif
mutex.unlock();
assert  (res
return  res;

>= Q)

Il prevent
private:
FM_shared_object(cons

copy construction and assignment

t FM_shared_object&);

>& property_names,

FM_time<FM_u32 >*,

ce(),

ce(),

const FM_shared_objec t& operator=(const
private:

mutable int reference_count;

mutable FM_mutex mutex;

template  <typename T>

class FM_simple_value public  FM_shared_obje
{

public:

const T value;

FM_simple_value(const T& v) value(v) {
virtual td::ostream& tr(std::c & 0)
class FM_tuple_value public  FM_shared_objec
{

public:

FM_tuple_value(const
values(vs) O

std::vector<FM_ptr<FM_

ct

const { return o << value;
t

shared_object> >& vs)

const

FM_submesh_id*)

now "

now "

FM_shared_obj ect&);

FM_tuple_value(FM_sha  red_object* vO0) values(1)
values[0] = V0;
FM_tuple_value(FM_sha  red_object* v0, FM_shared_object * vl)
values(2)
values|[0] = Vv0;
values[1] = vl
inline  size_t size() const { return values.size(); }
const FM_ptr<FM_share d_object>&  operatorf](int i) const
return  values[i];
}
virtual td::ostream& str(std::c & 0) const
{
0 << ("
for (size_t i = 0; i < values.size(); i++)  {
if (i >0 o<<" "
0 << *values[i];
}
return 0 <<
}
private:
std::vector<FM_ptr<FM _shared_object> > values;
template  <typename T>
void FM_shared_object:
get_simple_va lue(const std::string& key, T* v, const FM_time<FM_u32>*
const FM_submesh_id* sid) const
{
FM_ptr<FM_shared_obje ct> so_sv = get(key, t,  sid);
const FM_simple_value <T>& sv =
dynamic_cast<const FM_simple_value<T>&>(*  so_sv);
*v = sv.value;
}
I
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Copyright ~ (c) 2000

Advanced Management Technology, Incorporated

Permission is hereby granted, free of charge,

to any person obtaining a copy of this software

and associated documentation files (the "Software"),
to deal in the Software without restriction,

including without  limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,
subject to the following conditions:

The above copyright notice and this permission

notice shall be included in all copies or substantial

portions of the Software.

THE SOFTWARHS PROVIDED"AS IS", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSEAND NONINFRINGEMENT.IN NO
EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, =~ WHETHER
IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN  CONNECTIONWITH THE SOFTWAREDR
THE USE OR OTHERDEALINGS IN THE SOFTWARE.

#endif
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/I Emacs mode -*-C++-*- n

#ifndef _FM_SHARED_OBJIET_WITH_PROPERTIES_CAGE_H_
#define _FM_SHARED_OBJIET_WITH_PROPERTIES_CAGE_H_
*

* NAME: FM_shared_obje ct_with_properties_cac he.h

*

* WRITTEN BY:

* Patrick  Moran pmoran@nas.na sa.gov
¥

!

#include  "FM_shared_obj ect.h"

#include  "FM_properties  _cache.h"

class FM_shared_object_  with_properties_cache public
public:

FM_shared_object_with

_properties_cache() {

FM_shared_ob ject

FM_shared_object_with _properties_cache(FM_p roperties_cache* pc)
properties_cache(pc ? pc : new FM_properties_cache( ) O
virtual FM_ptr<FM_sha red_object>
get(const  std::string & key,
const FM_time<FM_u32>* t = 0, const FM_submesh_id* sid = 0) const
{
/I 1. check cache
FM_ptr<FM_shared_ob ject> property = properties_cach e->get(key, t,  sid);
if  (property)
return  property;
Il 2. first pass: bottom up, through class lineage
property = get_aux(key, 0, t, sid);
/I 3. second pass: opportunity to query composed classes
property = get_aux(key, 1, t, sid);
if  (property) {
FM_ostringstream err;
err << *this << ":get(\"" << key << "\, H
err << ((t) ? % FM_time<FM_u32>()) << ",
err << ((sid) ? *sid FM_submesh_id()) << "): property  undefined";
throw  std::logic_ error(err.str());
}
/I do not cache if property specific to a time step or submesh
it () && t->defined()) I (sid)  && sid->defined()))) {
const_cast<FM_pro  perties_cache*>
(static_cast<co nst FM_properties_cach  e*>(properties_cache) )->
set(key, property, t,  sid);
}
return  property;
}
virtual void  set(const std::string& key, const FM_shared_object* property,
const FM_time<FM_u32>* t = 0, const FM_submesh_id* sid
{
const_cast<FM_prope  rties_cache*>
(static_cast<cons t FM_properties_cache* >(properties_cache))- >
set(key, property, t,  sid);
}
virtual std::set<std: :string>
get_property_names_au  x(std::set<std::string >& property_names,
const FM_time<FM_u32>* t,
const FM_submesh_id* sid) const
{
property_names =
properties_cache- >get_property_names_au  x(property_names, t,  sid);
return  FM_shared_ob ject::get_property_nam es_aux(property_names .t sid);
}
protected:

FM_ptr<FM_properties_

cache> properties_cach e;
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/I Emacs mode -*-C++-*- n
#ifndef _FM_STRUCTURED_MESH_
#define _FM_STRUCTURED_MES
I

* NAME: FM_structured_mesh .h
*

* WRITTEN BY:

* Patrick ~ Moran pmoran@nas.nasa.g ov
*
#include  "FM_mesh.h"
#include  "FM_combinatorics. h"
#include  "FM_orient.h"
I
/I The canonical  vertex numbering for a structured hexahedron.
/I The vertex indices in the tables below are in terms of this
/I hexahedron numbering.
"
" 6 7
I /| n -
I I I
I 4l 5/ | k
" |2 [
I |/ | A
I |/ |/
" I 1 i
" 0 1
n i >
"
/I Hexahedron faces:
FM_u32 FM_hfo_0] = {0}
FM_u32 FM_hsfo_0[] = {0}
FM_u32* FM_hfo = {FM_hfo_0};
FM_u32* FM_hsfO] = {FM_hsf0_O};
FM_u32 FM_hf1_0] = {0, 1}
FM_u32 FM_hfl_1]] = {0, 2}
FM_u32 FM_hf1_2[] = {0, 4}
FM_u32 FM_hsf1_ 0] = {0, 3}
FM_u32 FM_hsfl_1] = {0, 5}
FM_u32 FM_hsfl_2[] = {0, 6}
FM_u32 FM_hsfl_3[] = {1, 2}
FM_u32 FM_hsfl_4[] = {1, 4}
FM_u32 FM_hsfl_5[] = {2, 4}
FM_u32* FM_hfl = {
FM_hf1_0, FM_hfl_1, FM_hfl_2
b
FM_u32* FM_hsfl] = {
FM_hsfl_0, FM_hsfl_1, FM_hsfl_2, FM_hsfl_3, FM_hsfl_4, FM_hsfl_5
b
FM_u32 FM_hf2.0] = {0, 1, 2, 3}
FM_u32 FM_hf2_1]] = {0, 1, 4, 5}
FM_u32 FM_hf2_2[] = {0, 2, 4, 6}
FM_u32 FM_hsf2 0 = {0, 1, 3} I 2.3 23
FM_u32 FM_hsf2_1[] = {0, 3, 2} /I K-surface 11 N3l
FM_u32 FM_hsf2_ 2] = {0, 1, 2} I 1ol 2\
FM_u32 FM_hsf2_ 3] = {1, 3, 2} i 0 1 0 1
FM_u32 FM_hsf2_ 4[] = {0, 5, 1} i 4 5 4_5
FM_u32 FM_hsf2_5[] = {0, 4, 5} Il J-surface 5 1/ N7
FM_u32 FM_hsf2_6[] = {0, 4, 1} I 14| 16_\]
FM_u32 FM_hsf2_7] = {1, 4, 5} I 0 1 0 1
FM_u32 FM_hsf2_8] = {0, 2, 6} I 4_6 4_6
FM_u32 FM_hsf2 9] = {0, 6, 4} /I l-surface 19 1 11|
FM_u32 FM_hsf2_10[ = {0, 2, 4} I 11_8| 110\
FM_u32 FM_hsf2_11]] = {2, 6, 4} " 0 2 0 2
Il triangles interior to hexahedron
FM_u32 FM_hsf2_12[] = {0, 5, 3} /I even 5-tetrahedr a decomposition
FM_u32 FM_hsf2_13[ = {0, 3, 6}
FM_u32 FM_hsf2_14] = {0, 6, 5}
FM_u32 FM_hsf2_15[] = {3, 5, 6}
FM_u32 FM_hsf2_16[] = {1, 2, 4} /I odd 5-tetrahedra decomposition
FM_u32 FM_hsf2_17]] = {1, 4, 7}
FM_u32 FM_hsf2_18]] = {1, 7, 2}
FM_u32 FM_hsf2_19]] = {2, 7, 4}
FM_u32* FM_hf2[] = {
FM_hf2_0, FM_hf2_1, FM_hf2_2
b
FM_u32* FM_hsf2] = {
FM_hsf2_0, FM_hsf2_1, FM_hsf2_2, FM_hsf2_3, FM_hsf2_4, FM_hsf2_5, FM_hsf2_6,
FM_hsf2_7, FM_hsf2_8, FM_hsf2_9, FM_hsf2_10, FM_hsf2_11, FM_hsf2_12,
FM_hsf2_13, FM_hsf2_14, FM_hsf2_15, FM_hsf2_16, FM_hsf2_17, FM_hsf2_18,
FM_hsf2_19
h
FM_u32 FM_hf3 0] =4{0, 1, 2, 3, 4, 5 6, 7}
FM_u32 FM_hsf3 0] = {3, 6, 5 7}
FM_u32 FM_hsf3_1] = {0, 3, 5, 1}
FM_u32 FM_hsf3_2[] = {0, 6, 3, 2}
FM_u32 FM_hsf3_3] = {0, 5, 6, 4}
FM_u32 FM_hsf3_ 4] = {0, 5, 3, 6}
FM_u32 FM_hsf3_ 5] = {1, 4, 2, O}
FM_u32 FM_hsf3_ 6] = {1, 2, 7, 3}
FM_u32 FM_hsf3_7[] = {1, 7, 4, 5}
FM_u32 FM_hsf3_ 8] = {2, 4, 7, 6}
FM_u32 FM_hsf3_ 9] = {1, 2, 4, 7}
FM_u32* FM_hf3[] = {FM_hf3_0};
FM_u32* FM_hsf3[] = {
FM_hsf3_0, FM_hsf3_1, FM_hsf3_2, FM_hsf3 3, FM_hsf3_4,
FM_hsf3_5, FM_hsf3_6, FM_hsf3_7, FM_hsf3_8, FM_hsf3_9
b
FM_u32** FM_structured_hexa  hedron_faces[] ={

FM_hf0o, FM_hfl, FM_hf2, FM_hf3

FM_u32** FM_structured_
FM_hsfo, FM_hsf1,
b

const FM_u32 FM_subtetrahedron_fac
/I even hexahedron cases

{3 6 5, 8 5 7 {3 7
{o. 3 58, {0, 1, 3, {0, 5
{o. 6 3, {0, 3 2, {0, 2
{o. 5 6, {0, 4 5, {0, 6,
{o. 5 3, {0, 3 6, {0, 6,
/I odd hexahedron cases

f1, 4, 2, {0, 1, 25, {0, 2
f1, 2, 7, {1, 3, 2, {1, 7,
f1, 7, 4, {1, 4, 5, {1, 5
2. 4 7 {20 6 4, {2, 7,
. 2, 4, {1, 4 7 {1, 7,

g

const FM_u32 FM_hexahedron_face[2]
/I even hexahedron case

hexahedron_subfaces[4] ={
FM_hsf2, FM_hsf3

e[10]4][3] ={
6, {5 6 7}
1, {5 3}
6, {2, 3, 6}
4, {4, 6, 5}
5, {3 5 6}
45 {0, 4, 1},
3 {2 3 7
{4 7, 5,
6}, {4, 6 7}
2}, {2, 7, 4}

614 = {

{fo, 2,6 4}, {3 1, 5 7, {0, 4 5 1},
3, 7,6, 2, {0, 1, 3 2, {5 4 6 7}

/I odd hexahedron cases

{2, 6 4, 0, {1, 5 7, 38, {1, 0, 4, 5}
{2, 3 7, 6, {1 3 2 0, {4 6 7 5}

h
struct  FM_cell_step

int dir;

FM_u32 axis;

FM_u32 subsimplex;
FM_u32 subsimplex_fac e;

g

const FM_cell_step  FM_tetrahedron_
/I even hexahedron cases
{ Il stepping from subtetrahedro
{0 0 4 3}
{1 0 8 1}
{1, 1 7 1}
{1, 2 6 1}

stepping  from subtetrahedro
0, 0, 4, 0},
-1, 2, 7, 3}
1 , 6, 3}
5 2}

subtetrahedro

Qa
T
o
=3
S
@
S
3

{0 0 4 1}
-1, 2, 8, 3},
1, 0, 6, 2},
1, 5 3}

subtetrahedro

@
T
k]
=3
S
@
S
3

{0 0 4 2,
1, 1, 8 2,
1 7, 2},
{ 5 1}

stepping  from subtetrahedro
0, 0, 1, 0},
0, 0, 2, 0},
0, 0, 3, 0},
0, 0, 0, 0}

odd hexahedron cases

/I stepping  from subtetrahedro
{0 0 9 0}

1, 2 3, 3}

{1, 0, 1, 3},

{1, 1, 2, 3}

/I stepping from subtetrahedro
, 9, 2}
. 0, 3}
2},
. 2}

<)

-1

PRt
roNO
BN

/I stepping  from subtetrahedro
, 9, 1},
0, 2},
3, 2},
1, 1}

o

{
1
{
{

PP
Nor O

/I stepping from subtetrahedro
, 9, 3}

o

-1,

NR OO

{
{ o,
{ 3, 1,
{ 2,

[

/I stepping  from subtetrahedro
, 0, 5 0}
, 7, 0}
6, 0},
., 8 0}

ocooo

{
{
{
{

ooo

n

step[10][4] ={

n o

/I Helper routines  for FM_structured_mesh<B,D >: Most

routines



/I assist topological member functions such as faces() and adjacencies().

/I These functions in general are dependent upon the base dimensionali ty B, FM_u64 index = sc->get_index(B - 1)
/I but not the physical_dim ensionality D, thus they are templated only for (int i =B- 2 i >=0; i)
/I by B rather than by both B and D. index = index * alignment_dime nsions[d][a][i] + sc->get_index(  i);
n for (FM_u32 j = 0; j < a; j++)
index += alignment_cards[d][j] H
template <int B> return  index;
bool FM_simplicia |_decomposition_odd(c onst FM_vector<B,FM_u 32>& indices, }
FM_u32 simplicial_deco mposition)
template  <int B>
bool res = FM_odd(indices ); FM_ptr<FM_cel I> FM_structured_mesh _enum_to_cell
if  (simplicial_ decomposition == 2) res = lres; (const  std::vector<FM_v  ector<B,bool> > alignments],
return  res; const std:vector<FM_v  ector<B,FM_u32> > alignment_dime nsions[],
} const std:vector<FM_u 64> alignment_cards[],
FM_u64 e, FM_u32 d, FM_u32,
const FM_time<FM_u32>* t, const FM_submesh_id* sid)
template <int B, int D>
class FM_structured_mesh; size_t a;
FM_u64 e_original =g
for (@ = 0; a < alignments[d].si ze(); at+) {
template <int B, int D> if (e < alignment_c ards[d][a]) break;
void FM_structure  d_mesh_init(FM_struct ured_mesh<B,D>* sm, e -= alignment_card  s[d][a];
const FM_vector<B,FM _u32>& d) }
{ if (a == alignments[d ].size()) {
const_cast<FM_v ector<B,FM_u32>&>(sm- >dimensions) = d; FM_ostringstream err,
err << "FM_structur ed_mesh<" << B << ",D>:enum_to_ cell(" <<
int i, j; e_original << " " << d << ") )
for (i =0 i <B; i++) { err << "bad argument";
if  ({(sm->dimensionsli] > 1) { throw std::logic_er ror(err.str());
FM_ostringstream err; }
err << "FM_structured _mesh<" << B << ">'"; FM_vector<B,FM_u64> strides;
err << "init(" << sm->dimensio ns << ") " it i;
err << "each dimension must be > 1% strides[0] 1;
throw  std::logic_erro r(err.str()); for (i =1, < B; i++)
} stridesi] = strides[i - 1] * alignment_dimensions[ d][a][i - 15
} FM_vector<B,FM_u32> indices;
for (i =B-1;, i >0; i-) {
for (i =0 i <=B; i++) { div_t d = div(e, strides[i]);
FM_choose_cho ices<B>(FM_u32(i), &sm->alignmen tsfi]); indicesli] = d.quot;
std::vector<F M_vector<B,bool> >:const_iterat or iter; e = d.rem;
for (iter = sm->alignme nts[i].begin(); iter != sm->alignmentsli].e nd(); }
++iter)  { indices[0] = e
FM_u64 card = 1;
FM_vector<B,FM_u32> dims; FM_cell* res = new FM_structured _k_cell<B>(d, a, indices);
for G =0, j <B; j+t) { it (1)
dims[j] = (*iter)[j] ? sm->dimensions[j] - 1 : sm->dimensions[ jl; res->set_time(*t);
card *= dims[j]; if  (sid)

sm->alignment_dimensi
const_cast<std::vecto

ons[i].push_back(dims)
r<FM_u64>&>(sm->alignm

}
const_cast<FM_u  64&>(sm->cube_offsets [op =o0;
FM_u64 offset = 1;
for (i =0, i <B; i+ {

int n = FM_pow_2(i);

for G =0, j <n j++)

const_cast<FM_u64&>(s

m->cube_offsetsj +n) =

sm->cube_offsets][j] + offset;
offset*= sm->dimensions  [i];
}
P
std::cout << "FM_structured_mesh<" << B << ">("
<< dimensions << ") << std:endl
for (i =0, i <= B; i++) {
std::cout << "alignments[" << io<< "I
for ( = 0; j < alignments[i].si ze();  j++)
std::cout << " " << alignmentsli][j];
std::cout << std::endl;
std::cout << "alignment_dimensio ns[" << i <<
for (§ = 0; j < alignmentsfi].si ze(); )
std::cout << " " << alignment_dimensions[ il
std::cout << std::endl;
std::cout << "alignment_cards[" << io<< "I
for ( = 0; j < alignments[i].si ze();  j++)
std::cout << " " << alignment_cardsli][j] H
std::cout << std::endl;
}
std::cout << "cube_offsets:";
for (i =0 i <1 << B; i++)
std::cout << " " << cube_offsets [i];
std::cout << std::endl;
*

}

FM_u64 FM_structured_mesh_g

et_card(FM_u32  base_dimensionali
const  std::vector<FM_u64
FM_u32 k)

{
if (k > base_dimensionali ty) return O;
FM_u64 card = 0;
for (size.t j = 0; j < alignment_car ds[k].size(); )
card += alignment_cards  [K][];
return  card;
}
template  <int B>
ell_to_enum

FM_u64 FM_structured_mesh_c

(const  std:
const s
const FM_cel* c)
{
const FM_structured_cell<

dynamic_cast< const
FM_u32 d = sc->get_dimens
FM_u32 a = sc->get_alignm

FM_

r<B,FM_u32> > alignment_dimensio
alignment_cardsf[],

B>* sc =
structured_c
ion();
ent();

ell<B>*>(c);

éntﬁcards[i]).pushiba

ty,
> alignment_cards[],

ns],

ck(card);

43

res->set_submesh_id (*sid);

return  res;

}

template  <int B>

std::vector<F
FM_structured

M_ptr<FM_cell> >

_mesh_faces(const FM_vector<B,FM _u32>& dimensions,

const std::vector<FM  _vector<B,bool>
const FM_cel* ¢, FM_u32 k)
{
const FM_structured_c ell<B>* sc =
dynamic_cast<const FM_structured_cell<B>* >(c);
assert(sc = 0);
FM_u32 d = sc->get_dimension();

FM_u32 a

std::vector<FM_ptr<FM

sc->get_alignment();

_cell> > cells;

/I g++ version 296 20000731 (Red Hat Linux 7.1 2.96-81)
/I crashes when compiling -O3, do not use ref here:
/I const FM_vector<B, bool>& alignment = alignments[d] [a];
const FM_vector<B,boo [> alignment = alignments[d][a];
for (a = 0; a < alignments[k].si ze(); at+) {
itk >d) {
if  (I(alignment <= alignments(k][a]))
continue;
}
else
if  (I(alignment >= alignments(k][a]))
continue;
}
FM_vector<B,bool> free_indices = alignment " alignments[k][al];

FM_u32 n_candidates = FM_pow 2(k >d ? k - d: d - k)
for (FM_u32 i = 0; i < n_candidates; i++)  {
bool out_of bound s = false;

FM_vector<B,FM_u3 2> indices = sc->get_indices();

FM_u32 free_index_mask =1
for (int j =0; j <B; j+t) {
if (free_indice s[i)) {
it (k >d {
if (i & free_index_mas k) {
out_of_bounds = indices][j] == 0;
if  (lout_of_bounds)
--indicesl[j];
}
else
out_of_bounds = indices][j] >= dimensions[ j] - 1;
if (out_of_bounds) break;
}
else {
if (i & free_index_mas k)

++indicesl[j];

free_index_ma sk <<= 1;

}

}
if (out_of_bounds
cells.push_back(n

) continue;

ew FM_structured_k_cel I<B>(c->get_time(),
c->get_submesh_i
k, a, indices));

> alignments[],

d0.



return  cells;

}

template  <int B>

std::vector<FM_pt r<FM_cell> >

FM_structured_mes  h_adjacencies(const
const FM_structure

{

assert(sc->get_
assert(!sc->is_

dimension() == B);
subsimplex());

std::vector<FM_  ptr<FM_cell> > adjacent_cells;
for (int i =0; i <B; i+¥)
FM_u32 hi = dimensions[ i - 2;
if (sc->get_index(i) < hi) {
FM_vector<B,FM_u32> indices = sc->get_indic

++indices[i];
adjacent_cells.push_b ack(new FM_structured_
(sc->get_time(),
indices));

e

(sc->get_index(i)
FM_vector<B,FM_u32>
--indicesl[i];
adjacent_cells.push_b

>0 {

indices = sc->get_indic

ack(new FM_structured_
(sc->get_time(),
indices));

}

return  adjacent_cells;

}

template  <int B>

FM_vector<B,

FM_u32>& dimensions,
d_cellkB>*  sc)

es();

B_cell<B>
sc->get_sub mesh_id(),

es();

B_cell<B>
sc->get_sub mesh_id(),

int  FM_structured _mesh_base_to_cell(co nst FM_vector<B,FM_u3 2>& dimensions,
const FM_base<B>& b,
FM_ptr<FM_str uctured_B_cell<B> >* sC)

{
FM_vector<B,FM_ u32> indices;
for (int i =0; i <B; i++) {
if  ({(FM_coord(0) <= b[i] && b[] <= FM_coord(dimension s[i] - 1))
return  FM_OUT_OF_BOWDS;
indicesli] = FM_u32(bli));
if  (indicesli] == dimensionsi] - 1) indicesli]--;

FM_time<FM_u32> time;
*sc = new FM_structured_B _cell<B>(time,
return FM_OK;

}

template <int B, int D>

int  FM_structured _mesh_phys_to_subsimp lex

(const  FM_phys<D>& p,

const FM_ptr<FM_structured ~ _B_cell<B> >& sc,
const FM_vector<D,FM_coord > ],
FM_context*,  FM_ptr<FM_cel [>*)

{

FM_ostringstrea m err;

err << "FM_structured_mes h<" << B <<
">:phys_to_s  ubsimplex(" << p <<
"no simplicial decomposition";

throw std::logic_error(er r.str());

<< *sc

}

template <>

int  FM_structured _mesh_phys_to_subsimp lex<3,3>
(const  FM_phys<3>& p,

const FM_ptr<FM_structured ~ _B_cell<3> >& sc,
const FM_vector<3,FM_coord > cV[],

FM_context*  ctxt, FM_ptr<FM_cell>* c)

bool sdo =
FM_simplicial ~ _decomposition_odd<3>
FM_u32 subid =!sdo ? 0 : 5;
for (FM_u32 i =0; i < 4 i++) {
int  orientation =
FM_orient(cv[FM_subte trahedron_face[subid][
cv[FM_subte trahedron_face[subid][
cv[FM_subte trahedron_face[subid][
if  (orientation > 0)
break;
subid++;
*¢ = new FM_structured_su  bsimplex<3>(sc->get_ti
3, subid,
return  FM_OK;

b.submesh_id,

indices);

<< D <<

<< ") "<

(sc->get_indices(),
ctxt->simplicial_dec

omposition);

ojoll,
oJ[]],
oj21. p):

me(), sc->get_submesh _id(),
sc->get_indices());

}

"

/I The following are iterator implementations used when

Il constructing iterators for structured meshes.  The particular

/I implementation choice depends on the type of iteration specified
/I by the iter_attrs argument to begin().
n
template  <int B>
class FM_structured_mesh_it er_impl : public FM_iter_impl
{
public:
FM_structured_m  esh_iter_impl(const FM_vector<B, FM_u32>& b,
const FM_vector<B, FM_u32>& e,
const FM_vector<B, FM_u32>& s)
begin(b),
end(e),
stride(s)
protected:

const FM_vector<B,FM_u32> begin, end, stride;

template  <int B>
class FM_structured_mes h_0_cell_iter_impl:
public  FM_structured_  mesh_iter_impl<B>

{
public:

FM_structured_mesh_0_  cell_iter_impl(const FM_time<FM_u32>& time,
const FM_submesh_id& submesh_id,
const FM_vector<B ,FM_u32>& b,
const FM_vector<B ,FM_u32>& e,
const FM_vector<B ,FM_u32>& s)
FM_structured_mesh_ iter_impl<B>(b, e, s)
structured_0_cell = new FM_structured_0_c

ell<B>(time, submesh_id, b);

FM_structured_mesh_0_  cell_iter_impl(const FM_structur ed_0_cell<B>* sc,
const FM_vector<B ,FM_u32>& b,
const FM_vector<B ,FM_u32>& e,
const FM_vector<B ,FM_u32>& s)
FM_structured_mesh_ iter_impl<B>(b, e, s), structured_0_cell(sc ) O

virtual FM_iter_impl* copy() const

return  new FM_structured_mesh_  0_cell_iter_impl(stru ctured_0_cell,

begin, end, stride);

}

virtual const FM_cell* advance()

if (structured_0_ce Il->get_reference_coun t) ==1)
FM_structured_0_c  ellB>* sc = const_cast<FM_struc  tured_0_cell<B>*>

(static_cast<co nst FM_structured_0_ce
for (int d=0; d< B; d++) {
sc->indices[d] += stride[d];
if (sc->indices [d] < end[d])
return  structured_0_cell

lI<B>*>(structured_0_ cell));

sc->indices[d] = begin[d];
}
else
FM_vector<B,FM_u3 2> indices = structured_0_cell-> indices;
for (int d =0; d < B; d++) {
indices[d] += stride[d];
if (indices[d] < endd]) {

return  new FM_structured _0O_cell<B>

(structured  _0_cell->get_time(),
structured_0_cell->ge t_submesh_id(),
indices);
indices[d] = begin[d];
}
return  O;
}
virtual const FM_cell* dereference() const
{
return  structured_0  _cell;
}
protected:
FM_ptr<FM_structured_  0_cell<B> > structured_0_cell;

template  <int B>
class FM_structured_mes h_B_cell_iter_impl:
public  FM_structured_ mesh_iter_impl<B>

{
public:

FM_structured_mesh_B_  cell_iter_impl(const FM_time<FM_u32>& time,
const FM_submesh_id& submesh_id,
const FM_vector<B ,FM_u32>& b,
const FM_vector<B ,FM_u32>& e,
const FM_vector<B ,FM_u32>& s)

FM_structured_mesh_ iter_impl<B>(b, e, s)

{

structured_B_cell

}

= new FM_structured_B_c ell<B>(time, submesh_id, b);

FM_structured_mesh_B_  cell_iter_impl(const FM_structur ed_B_cell<B>*  sc,
const FM_vector<B ,FM_u32>& b,
const FM_vector<B ,FM_u32>& e,
const FM_vector<B ,FM_u32>& s)
FM_structured_mesh_ iter_impl<B>(b, e, s), structured_B_cell(sc ) O

virtual FM_iter_impl* copy() const
return  new FM_structured_mesh_  B_cell_iter_impl(stru

}

ctured_B_cell,
begin, end, stride);

virtual const FM_cell* advance()

if (structured_B_ce Il->get_reference_coun t) ==1)
FM_structured_B_c  ellkB>* sc = const_cast<FM_struc
(static_cast<co nst FM_structured_B_ce
for (int d=0; d< B; d++) {
sc->indices[d] += stride[d];
if (sc->indices [d] < end[d])

return  structured_B_cell

sc->indices[d] = begin[d];

tured_B_cell<B>*>
lI<B>*>(structured_B_ cell));

else
FM_vector<B,FM_u3 2> indices
for (int d =0; d < B; d++)

= structured_B_cell-> indices;
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indices[d] += stride[d];

if (indices[d] < end[d])

return  new FM_structured_B_c ell<B>
(structured_B_c ell->get_time(),
structured_B_c  ell->get_submesh_id(),
indices);

}
indices[d] = begin[d];
}

return  O;

}
virtual const FM_cell* dereference() const

return  structured_B_cel I;

}

protected:

FM_ptr<FM_struc tured_B_cell<B> > structured_B_c  ell;

b
template  <int B>

class FM_structured_mesh_mu Iti_alignment_iter_imp | : public FM_iter_impl
{

public:

FM_structured_m esh_multi_alignment_i ter_impl

(const FM_time<FM_u32>& time, const FM_submesh_id& submesh_id,
FM_u32 d,

const  std::vector<FM_vec tor<B,FM_u32> >& e,

const FM_vector<B,FM_u32 >& s)

ends(e),
stride(s)
FM_vector<B,F M_u32> indices;
for (int i =0; i < B; i++)
indicesli] =0
structured_k_  cell =
new FM_structured_k_c  ell<B>(time, submesh_id, d, O, indices);
}
FM_structured_m  esh_multi_alignment_i ter_impl

(const  FM_structured_k_ce ll<B>* sc,

const  std::vector<FM_vec tor<B,FM_u32> >& e,
const FM_vector<B,FM_u32 >& s) :

structured_k_  cell(sc), ends(e), stride(s) 0

virtual FM_iter_impl* copy() const

return new
FM_structured_mesh_mu Iti_alignment_iter_imp I<B>(structured_k_cel A
ends, stride);

}

virtual const FM_cell* advance()

{
FM_u32 d = structured_k _cell->get_dimension()
FM_u32 a = structured_k _cell->get_alignment() H
FM_vector<B,F M_u32> indices = structured_k_ce Il->get_indices();

int i
for (i =0; i <B; i++) {
indicesli] += stridefi;

if  (indicesli] < ends[a][i]) {
structured_k_cell =
new FM_structured _k_cell<B>(structured_ k_cell->get_time(),
structured_k_cell->ge t_submesh_id(),
d, a, indices);
return  structured_k  _cell;

}
indicesli] =0
a += 1;
if (a == ends.size())
return  O;

for (i =0; i <B; i++)

indices[d] =0

structured_k_  cell =

new FM_structured_k_c  ell<B>(structured_k_ce ll->get_time(),
structured_k_ce II->get_submesh_id(),

d, a, indices);
return  structured_k_cel I;
}

virtual const FM_cell* dereference() const

return  structured_k_cel I;

}

protected:
FM_ptr<FM_struc tured_k_cell<B> > structured_k_c ell;
const std:vector<FM_vect or<B,FM_u32> > ends;

FM_vector<B,FM_ u32> stride;
b

template  <int B>
class FM_structured_mesh_su  bsimplex_iter_impl
public  FM_structured_mesh _iter_impl<B>

{
public:
FM_structured_m esh_subsimplex_iter_i mpl(const  FM_time<FM_u32>& time,
const FM_submesh_id& submesh_id,
FM_u32 d,

const FM_vector<B ,FM_u32>& b,
const FM_vector<B ,FM_u32>& e,
const FM_vector<B ,FM_u32>& s,
FM_u32 sd) :
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FM_structured_mesh_ iter_impl<B>(b, e, s),
simplicial_decompos ition(sd)
{
FM_u32 subid = 0;
bool sdo = FM_simplicial_decom position_odd(b, sd);
it (d 3)
subid =sdo ? 5 : 0
else
subid = subid %4 + (sdo ? 2 : 0);
structured_subsimpl ex =
new FM_structured _subsimplex<B>(time, submesh_id, d, subid, b);
}
FM_structured_mesh_su  bsimplex_iter_impl
(const  FM_structured_  subsimplex<B>*  ss,
const FM_vector<B,FM _u32>& b,
const FM_vector<B,FM _u32>& e,
const FM_vector<B,FM _u32>& s,
FM_u32 sd)
FM_structured_mesh_ iter_impl<B>(b, e, s),
structured_subsimpl ex(ss),
simplicial_decompos ition(sd)
virtual FM_iter_impl* copy() const
return  new
FM_structured_mes h_subsimplex_iter_impl (structured_subsimple X,
begin, end, stride,
simplicial_decomposi tion);
}
virtual const FM_cell* advance()
FM_u32 d = structured_subsimpl ex->get_dimension();
FM_u32 subid = structured_subs  implex->get_subid();
FM_vector<B,FM_u32> indices = structured_subsimplex ->get_indices();
subid += 1;
it d ==3) {
if ((subid == 5 || subid == 10)) {
structured_subs implex =
new FM_structured_subsim  plex<B>
(structured_s  ubsimplex->get_time(),
structured_s  ubsimplex->get_submesh  _id(),
d, subid, indices);
return  structured_subsimpl ex;
}
}
else {
assert(d == 2);
if  ((subid %2 ==0) {
structured_subs  implex =
new FM_structured_subsim  plex<B>
(structured_s  ubsimplex->get_time(),
structured_s  ubsimplex->get_submesh  _id(),
d, subid, indices);
return  structured_subsimpl ex;
}
}
int i
for (i =0; i <B; i++) {
indicesl[i] += stride[i];
if  (indicesli] < endfi])
break;
indicesli] = begin[i;
if (i ==B)
return 0;
bool sdo = FM_simplicial_decom position_odd(indices,
simplicial_decompos ition);

it (d == 3)

subid = sdo ? 5 :
else

subid = subid %4 + (sdo ? 2 : 0)

structured_subsimpl ex =
new FM_structured _subsimplex<B>
(structured_subsi mplex->get_time(),
structured_subsi mplex->get_submesh_id( )

d, subid, indices);
return  structured_s  ubsimplex;
}

virtual const FM_cell* dereference() const

return  structured_s  ubsimplex;

}

protected:
FM_ptr<FM_structured_  subsimplex<B> > structured_subsi mplex;
const FM_u32 simplicial_decompos ition;

g

template  <int B>

FM_iter ~ FM_structured_m esh_begin

(const  std::ivector<FM_v  ector<B,FM_u32> > alignment_dime nsions[],
const FM_iter_attrs& ia)

{

int i;
/I set defaults

FM_time<FM_u32> time;
FM_submesh_id submesh_id;

FM_u32 simplicial_dec omposition = 0;
FM_u32 cell_dimension =0
FM_cell_type_enum  cell_type = FM_VERTEX_CHL



Ilbool  cell_alignment_giv en = false;
FM_u32 cell_alignment = 0;
FM_vector<B,FM_ u32> begin_indices;
for (i =0 i <B; i++)

begin_indices [i] = 0;
FM_vector<B,FM_ u32> strides;
for (i =0 i <B; i++)

strides[i] =1;
FM_vector<B,FM_ u32> end_indices;

Il cell_type and end_indices  can be implied
FM_vector<B,boo I> end_indices_given;
for (i =0; i <B; i++)

end_indices_g iven[i]
bool cell_type_given

by other parameters

= false;
= false;

int n_ignored
FM_iter_attrs::

=0;
const_iterator iter;
for (iter = ia.begin(); iter 1= ia.end();
const FM_iter_attr* it = *iter;
switch(it->at tr)
case FM_ITER_ATTR_TIME:
time = dynamic_cast<c
break;
case FM_ITER_ATTR_SUBMEH_ID:
submesh_id =
dynamic_cast<const
break;
case FM_ITER_ATTR_CELL DIMENSION:
cell_dimension =

++iter) {

onst FM_time_iter_attr *>(it)->time;

FM_submesh_id_iter_att r*>(it)->submesh_id;

dynamic_cast<const FM_cell_dimension_iter _attr*>(it)->cell_dim ension;
break;
case FM_ITER_ATTR_CELL TYPE:
cell_type =
dynamic_cast<const FM_cell_type_iter_attr *>(it)->cell_type;
cell_type_given = true;
break;
case FM_ITER_ATTR_AXIS_BEGIN:
const FM_axis_begin _iter_attr* axis_begin_iter_attr =
dynamic_cast<cons t FM_axis_begin_iter_a ttre>(it);
assert(axis_begin_i ter_attr->axis < B);
begin_indices[axis_ begin_iter_attr->axis] =
axis_begin_iter_a ttr->index;
}
break;
case FM_ITER_ATTR_AXIS_END:
const FM_axis_end_i ter_attr* axis_end_ite  r_attr =
dynamic_cast<cons t FM_axis_end_iter_att r*>(it);
assert(axis_end_ite r_attr->axis < B);
end_indices[axis_en d_iter_attr->axis] =
axis_end_iter_att r->index;
}
break;
case FM_ITER_ATTR_AXIS_STRIDE:
const FM_axis_strid e_iter_attr* axis_stride_iter_at tr =
dynamic_cast<cons t FM_axis_stride_iter_ attre>(it);
assert(axis_stride_ iter_attr->axis < B);
strides[axis_stride _iter_attr->axis] =
axis_stride_iter_ attr->stride;
}
break;
case FM_ITER_ATTR_SIMPUCIAL_DECOMPOSITION:
simplicial_decomposit jon =
dynamic_cast<const FM_simplicial_decompos ition_iter_attr*>(it) ->
simplicial_decompos ition;
break;
default:
n_ignored++;
}
}
Il cell_type trumps  cell_dimension
if (cell_type_g iven) {
cell_dimensio n FM_cell_type_to_d  imension(cell_type);
if (cell_type FM_TRIANGLE_CELL||
cell_type == FM_TETRAHEDRON_CE &&
simplicial_decompos ion == 0)
simplicial_decomposit ion = 1;
}
for (i =0; i <B; i++) {
if (‘end_indices_given[ 1))
end_indicesli] =
alignment_dimension  s[cell_dimension][cell _alignment][i];
}
Il simplicial decompositi on only supported for cells of dimension 2 or 3
if  (/(cell_dime nsion 2 || cell_dimension == 3))
simplicial_de composition =0;
Il construct impl
FM_iter_impl* ii;
if  (simplicial_ decomposition)
i =
new FM_structured_mes h_subsimplex_iter_impl <B>(time,  submesh_id,
cell_dimension,
begin_indices,
end_indices, strides,
simplicial_decomp osition);
else {
if  (cell_dimension == 0)
ii = new FM_structure d_mesh_0_cell_iter_imp I<B>
(time,  submesh_id, begin_indices, end_indices, strides);
else if (cell_dimension == B)
ii = new FM_structure d_mesh_B_cell_iter_imp I<B>
(time,  submesh_id, begin_indices, end_indices, strides);

46

}

/I else if (cell_alignment_giv en) {
s

else {

ii = new FM_structured_mesh_  multi_alignment_iter_ impl<B>

(time, submesh_id, cell_dimension,
alignment_dime  nsions[cell_dimension] , strides);
}
}
return  FM_iter(ii);
template <int B, int D>

FM_ptr<FM_sha red_object>

FM_structured _mesh_get_aux(const FM_structure  d_mesh<B,D>* sm,

const  std::string& key, FM_u32 pass,
const FM_time<FM_u32>* t, const FM_submesh_id*
{
if (key == "base_dimensions")
std::vector<FM_ptr< FM_shared_object> > values(B);
for (FM_u32 i = 0; i < B; i++)
valuesi] = new FM_simple_va lue<FM_u32>(sm->dimen sionsfi]);
return  new FM_tuple_value(valu es);
}
else if (key == "cards") {
std::vector<FM_ptr< FM_shared_object> > values(B  + 1);
for (FM_u32 i = 0; i <= B; i++)
valuesl[i] = new FM_simple_va lue<FM_u64>(sm->get_c ard(i, 0, t, sid));
return  new FM_tuple_value(valu es);
return  sm->FM_mesh<B, D>::get_aux(key, pass, t, sid);
}
template <int B, int D>
std::set<std: :string>
FM_structured _mesh_get_property_na  mes_aux(const FM_structured_mesh <B,D>*
std::set<std: :string>& names,
const FM_time<FM_u32>* t,
const FM_submesh_id* sid)
names.insert("base_di mensions");
names.insert("cards") H
return  sm->FM_mesh<B, D>::get_property_names _aux(names, t, sid);
"
/I The generic FM_structured_mesh< B,D> declaration:
"
template <int B, int D>
class FM_structured_mes h : public ~FM_mesh<B,D>
{
public:
const FM_vector<B,FM_ u32> dimensions;
protected:
void init(const FM_vector<B,FM_u 32>& d)
FM_structured_mesh_ init(this, d);
}
FM_structured_mesh(FM  _properties_cache* pc)
FM_mesh<B,D>(pc)
¢
FM_structured_mesh(co  nst FM_vector<B,FM_u32 >& d,
FM_properties _cache* pc) :
FM_mesh<B,D>(pc),
dimensions(d)
init(dimensions);
public:
virtual FM_u64
get_card(FM_u32 k, FM_u32 = 0, const FM_time<FM_u32>* = 0,
const FM_submesh_id* = 0) const
{
return  FM_structure  d_mesh_get card(FM_u32 (B), alignment_cards, K);
}
virtual FM_vector<B,F M_u32>
get_base_dimensions(c ~ onst FM_time<FM_u32>* = 0,
const FM_submesh_id* = 0) const
return  dimensions;
virtual bool
get_structured_behavi or(const FM_time<FM_u32>* = 0,
const FM_submesh_id * = 0) const
return  true;
virtual FM_u64 cell_to_enum(cons t FM_cell* c¢) const
return  FM_structure d_mesh_cell_to_enum(al ignment_dimensions,
alignment_ca rds, c);
}
virtual FM_ptr<FM_cel 1>

enum_to_cell(FM_u64 e, FM_u32 d, FM_u32 sd = 0,
const FM_time<FM_u32>* t = 0,

const FM_submesh_id * sid = 0) const

return  FM_structure

d_mesh_enum_to_cell(al ignments,

alignment_ca rds, e, d,

sd,

alignment_dimensions,

t,

sid)

sm,

sid);



} get_card(FM_u32 k, FM_u32 sd = 0, const FM_time<FM_u32>* t = 0,
const FM_submesh_id* sid = 0) const
virtual std::vector<FM_pt r<FM_cell> >

faces(const FM_cell* ¢, FM_u32 k) const FM_u64 card = FM_structured_me sh_get_card(3, alignment_cards, Kk);
if (sd == 1] sd ==2)
return  FM_structured_me sh_faces(dimensions, alignments, c, k) switch(k) {
case 0:
break;
virtual std::vector<FM_pt r<FM_cell> > case 1:
adjacencies(con st FM_cel* c) const card += get_card(2, 0, tsid);
break;
const FM_structured_cel I<B>* sc = case 2:
dynamic_cast<const FM_structured  _cell<B>*>(c); card *= 2;
if (sc == 0) card += 4 * get_card(3, 0, t sid);
FM_throw_bad_cell_arg ument(this, “"adjacencies"”, c); break;
return  FM_structured_me sh_adjacencies(dimensi ons, sc); case 3:
} card *= 5;
break;
virtual int default:
base_to_cell(co  nst FM_base<B>& b, abort();
FM_ptr<FM_st ructured_B_cell<B> >* sc) const
return  FM_structured_me sh_base_to_cell(dimens ions, b, sc); return  card;
}
virtual int virtual FM_vector<3,F M_u32>
phys_to_cell(co nst FM_phys<D>& p, FM_context*  ctxt, FM_ptr<FM_cell>* c) const get_base_dimensions(c onst FM_time<FM_u32>* = 0,
const FM_submesh_id* = 0) const
FM_base<B> b;
FM_ptr<FM_str uctured_B_cell<B> > sC; return  dimensions;
int res = phys_to_base( p, ctxt, &b, &sc);
*C = sC;
return  res; virtual bool
} get_structured_behavi or(const  FM_time<FM_u32>* = 0,
const FM_submesh_id * = 0) const
virtual int {
phys_to_subsimp lex(const FM_phys<D>& p, return  true;
const FM_ptr<FM_structured_B  _cellkB> >& sc, }
FM_context*  ctxt, FM_ptr<FM_cell>* c) const
{ virtual FM_u64 cell_to_enum(cons t FM_cell* c¢) const
FM_vector<D,F M_coord> cv[1l << BJ;
int res = at_cell(sc, ov); return  FM_structure  d_mesh_cell_to_enum(al ignment_dimensions,
if (res = FM_OK) alignment_ca rds, c);
return  res; }

return  FM_structured_me  sh_phys_to_subsimplex( p, sc, cv, ctxt, ¢
virtual FM_ptr<FM_cel I>
enum_to_cell(FM_u64 e, FM_u32 d, FM_u32 sd = 0,

virtual FM_iter begin()  const const FM_time<FM_u32>* t = 0, const FM_submesh_id* sid = 0) const
FM_iter_attrs iter_attrs; return  FM_structure d_mesh_enum_to_cell(al ignments,  alignment_dimensions,
return  begin(iter_attrs ) alignment_ca rds, e, d, sd, t sid);

} }

virtual FM_iter  begin(const FM_iter_attrs& ia) const virtual std::vector<F M_ptr<FM_cell> >

faces(const FM_cel* ¢, FM_u32 k) const
return  FM_structured_me sh_begin(alignment_dim ensions, ia);
return  FM_structure d_mesh_faces(dimension s, alignments, c, k)

virtual FM_ptr<FM_shared_ object>

get_aux(const std::string & key, FM_u32 pass, virtual std::vector<F M_ptr<FM_cell> >
const FM_time<FM_u32>* t, const FM_submesh_id* sid) const adjacencies(const FM_cell* c) const
{
return  FM_structured_me sh_get_aux(this, key, pass, t, sid); const FM_structured _cell<3>* sc =
dynamic_cast<cons t FM_structured_cell<3 >*>(c);
if (sc ==0)
virtual std::set<std::str ing> FM_throw_bad_cell _argument(this, "adjacencies”, c);
get_property_na  mes_aux(std::set<std: :string>& names,
const FM_time<FM_u32>* t, if  (!sc->is_subsimp lex()
const FM_submesh_id* sid) const return  FM_structured_mesh_ad  jacencies(dimensions, sc);
{
return  FM_structured_me sh_get_property_names_  aux(this, names, t, sid); std::vector<FM_ptr< FM_cell> > adjacent_cells;
} for (int i =0; i <4 i++) {
FM_cell_step cell_step = FM_tetrahedron _step[sc->get_subid() 10
FM_u64 cube_offsets[1 << BJ; FM_vector<3,FM_u3 2> indices;
std::vector<FM_  vector<B,bool> > alignments[B + 1] switch  (cell_step.dir) {
std::vector<FM_  vector<B,FM_u32> > alignment_dim ensions[B  + 1]; case -1
std::vector<FM_ u64> alignment_cards[ B + 1]; if (sc->get_ind  ex(cell_step.axis) > 0) {
Y indices = sc->get_indice  s();
indices[cell_ step.axis]
adjacent_cell s.push_back
n (new FM_structured_sub  simplex<3>(sc->get_ti me(),
/I The FM_structured_mesh<3 D> partial specialization: This sc->get_submesh_id(), 3,
/I specialization contains  the extra code needed to handle cell_step.subsimplex,
/I simplicial decomposition for meshes with base dimensionality 3. indices));
}
template  <int D> break;
class FM_structured_mesh<3, D> : public FM_mesh<3,D> case O:
adjacent_cells. push_back
public: (new FM_structured_subsi ~ mplex<3>(sc->get_time 0
const FM_vector<3,FM_u32> dimensions; sc->get_subm esh_id(), 3,
cell_step.su bsimplex,
protected: sc->get_indi  ces()));
void init(const FM_vector<3,FM_u32>& d) break;
case 1:
FM_structured _mesh_init(this, d); if (sc->get_ind  ex(cell_step.axis) < dimensions[ cell_step.axis] -2 {
indices = sc->get_indice  s();
indices[cell_ step.axis] += 1;
FM_structured_m esh(FM_properties_cac he* pc) : adjacent_cell s.push_back
FM_mesh<3,D>( pc) (new FM_structured_sub  simplex<3>(sc->get_ti me(),
sc->get_submesh_id(), 3,
cell_step.subsimplex,
FM_structured_m esh(const FM_vector<3,FM_u32>& d, FM_properties_cache * pc) : indices));
FM_mesh<3,D>( pc), }
dimensions(d) break;
default:
init(dimensio ns); abort();
public: return  adjacent_cel Is;

virtual FM_u64 }
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virtual int
base_to_cell(co  nst FM_base<3>& b,

FM_ptr<FM_st ructured_B_cell<3> >* sc) const

return  FM_structured_me sh_base_to_cell(dimens ions, b, sc);
virtual int
phys_to_cell(co nst FM_phys<D>& p, FM_context* ctxt, FM_ptr<FM_cell>* c)
FM_base<3> b;
FM_ptr<FM_str uctured_B_cell<3> > sc;
int res = phys_to_base( p, ctxt, &b, &sc);
*c = sc;
return  res;
}
virtual int
phys_to_subsimp  lex(const FM_phys<D>& p,
const FM_ptr<FM_structured_B  _cell<3> >& sc,
FM_context*  ctxt, FM_ptr<FM_cell>* c) const
{
FM_vector<D,F M_coord> cv[l << 3];
int res = at_cell(sc, cv);
if (res = FM_OK)
return  res;
return  FM_structured_me sh_phys_to_subsimplex( p, sc, cv, Cctxt, c);
}
virtual FM_iter begin()  const
FM_iter_attrs iter_attrs;
return  begin(iter_attrs )
}
virtual FM_iter  begin(const FM_iter_attrs& ia) const
return  FM_structured_me sh_begin(alignment_dim ensions, ia);
virtual FM_ptr<FM_shared_ object>
get_aux(const std::string & key, FM_u32 pass,
const FM_time<FM_u32>* t, const FM_submesh_id* sid) const
return  FM_structured_me sh_get_aux(this, key, pass, t, sid);
virtual std::set<std::str ing>
get_property_na  mes_aux(std::set<std: :string>& names,
const FM_time<FM_u32>* t,
const FM_submesh_id* sid) const
return  FM_structured_me sh_get_property_names_  aux(this, names, t, sid);
FM_u64 cube_offsets[1 << 3];
std::vector<FM_ vector<3,bool> > alignments[3 + 1J;
std::vector<FM_  vector<3,FM_u32> > alignment_dim ensions[3  + 1];
std:vector<FM_  u64> alignment_cards| 3+ 1]
b
I
/I The following member function definitions for structured_cell subclasses
Il specify the cell's role in computing linear indices in association
/I with a structured_mesh. We provide optimized  specializations for the
/I base dimensionalities that are most common.

template <int B>
void FM_structure
structured_mesh_v

{

d_k_cell<B>::
ertex_indices(const FM_mesh_* m, FM_u32* n_ind,
FM_u64 ind[]) const
const FM_u32* vi = FM_structured_hex ahedron_faces[dimensi on][alignment];
*n_ind = FM_pow_2(dimensi on);
const FM_structured_mesh< B,B>* sm =
reinterpret_c ast<const ~ FM_structured_mesh<B,B
FM_u64 index = indices[B -1
for (int i B-2 i >0 i) {
index *= sm->dimensions [i];
index += indicesli];

>*>(m);

}
for (FM_u32 i
ind[i] = index

=0; i < *n_ind; i++)
+ sm->cube_offsets[

vilill;

template <>
void FM_structure
structured_mesh_v

d_k_cell<2>::

ertex_indices(const FM_mesh_* m, FM_u32* n_ind,

FM_u64 ind[]) const
{
const FM_u32* vi = FM_structured_hex ahedron_faces[dimensi on][alignment];
*n_ind = FM_pow_2(dimensi on);
const FM_structured_mesh< 2,2>* sm =
reinterpret_c ast<const  FM_structured_mesh<2,2  >*>(m);
FM_u64 index = indices[1] * sm->dimensions[0] + indices[0];
for (FM_u32 i = 0; i < *n_ind; i++)
ind[i] = index + sm->cube_offsets| vilill;
}

template <>
void FM_structure
structured_mesh_v

d_k_cell<3>::
ertex_indices(const FM_mesh_* m, FM_u32* n_ind,
FM_u64 ind[]) const

const
*n_ind

FM_u32* vi = FM_structured_hex
= FM_pow_2(dimensi on);

ahedron_faces[dimensi on][alignment];

const
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const FM_structured_m esh<3,3>* sm =
reinterpret_cast<co nst FM_structured_mesh  <3,3>*>(m);
FM_u64 index = indices[2] * sm->dimensions[ 0] * sm->dimensions[1 ] +
indices[1] * sm->dimensions[0] + indices[0];
for (FM_u32 i = 0; i < *n_ind; i++)
ind[i] = index + sm->cube_offs ets|vi[i]];
template  <int B>
void FM_structured_0_ce  II<B>::
structured_me  sh_vertex_indices(con st FM_mesh_* m, FM_u32* n_ind,

FM_u64 ind[])  const
{
*n_ind = 1;
const FM_structured_m esh<B,B>* sm =
reinterpret_cast<co nst FM_structured_mesh  <B,B>*>(m);
FM_u64 index = indices[B -1
for (int i =B- 2, i >=0; i) {
index *= sm->dimensions[i];
index += indicesl[i];
}
ind[0] = index;
template <>
void FM_structured_0_ce  ll<1>:
structured_me  sh_vertex_indices(con st FM_mesh_*, FM_u32* n_ind,
FM_u64 ind[]) const
*n_ind 1;
ind[0] indices[0];
template <>
void FM_structured_0_ce  II<2>::
structured_me  sh_vertex_indices(con st FM_mesh_* m, FM_u32* n_ind,
FM_u64 ind[]) const
*n_ind = 1;
const FM_structured_m esh<2,2>* sm =
reinterpret_cast<co nst FM_structured_mesh  <2,2>*>(m);
ind[0] = indices[1] * sm->dimensions[0] + indices[0];

template <>

void FM_structured_0_ce  II<3>::
structured_me  sh_vertex_indices(con st FM_mesh_* m, FM_u32* n_ind,
FM_u64 ind[]) const
*n_ind = 1;
const FM_structured_m esh<3,3>* sm =
reinterpret_cast<co nst FM_structured_mesh  <3,3>*>(m);
ind[0] = indices[2] * sm->dimensions[0] * sm->dimensi ons[1] +
indices[1] * sm->dimensions[0] + indices[0];
template  <int B>
void FM_structured_B_ce  ll<B>::
structured_me  sh_vertex_indices(con st FM_mesh_* m, FM_u32* n_ind,
FM_u64 ind[]) const
{
*n_ind = FM_pow_2(B);
const FM_structured_m esh<BB>* sm =
reinterpret_cast<co nst FM_structured_mesh  <B,B>*>(m);
FM_u64 index = indices[B - 1J];
for (int i B- 2 i >0 i) {
index *= sm->dimensionsli];
index += indicesl[i];
}
for (FM_u32 i = 0; i < *n_ind; i++)
ind[i] = index + sm->cube_offs ets[i;
}
template <>
void FM_structured_B_ce  II<3>::
structured_me  sh_vertex_indices(con st FM_mesh_* m, FM_u32* n_ind,
FM_u64 ind[])  const
{
*n_ind = 8;
const FM_structured_m esh<3,3>* sm =
reinterpret_cast<co nst FM_structured_mesh  <3,3>*>(m);
FM_u64 index = indices[2] * sm->dimensions[ 0] * sm->dimensions[1 ] +
indices[1] * sm->dimensions[0] + indices[0];
for (FM_u32 i = 0; i < 8; i++)
ind[i] = index + sm->cube_offs ets[i];
template  <int B>
void FM_structured_subs  implex<B>::
structured_me  sh_vertex_indices(con st FM_mesh_*, FM_u32* n_ind, FM_u64[])
*n_ind ;
template <>
void FM_structured_subs  implex<2>::
structured_me  sh_vertex_indices(con st FM_mesh_* m, FM_u32* n_ind,
FM_u64 ind[]) const
{
const FM_u32* vi = FM_structured _hexahedron_subfaces[  dimension][subid];
*n_ind = dimension + 1;
const FM_structured_m esh<2,2>* sm =
reinterpret_cast<co nst FM_structured_mesh  <2,2>*>(m);
FM_u64 index = indices[1] * sm->dimensions[ 0] + indices[0];
for (FM_u32 i = 0; i < *n_ind; i++)
ind[i] = index + sm->cube_offs ets|vi[i]];

const



template <>

void  FM_structure
structured_mesh_v

{

const FM_u32* vi = FM_structured_hex
*n_ind

d_subsimplex<3>::
ertex_indices(const
FM_u64 ind[]) const

ahedron_subfaces[dime
= dimension + 1;

const FM_structured_mesh< 3,3>* sm =

FM_u64 index = indices[2]

reinterpret_c ast<const  FM_structured_mesh<3,3
* sm->dimensions[0]

* sm->dimensions[0] + indices[0];

>*>(m);

indices[1]

for (FM_u32 i =0; i < *n_ind; i++)

ind[i] = index + sm->cube_offsets|  vi[i]];
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Emacs mode -*-C++-*- n
ifndef _FM_SUBMESH_IDH_
define _FM_SUBMESH_IDH_
* NAME: FM_submesh_id. h
*

* WRITTEN BY:

* Patrick  Moran pmoran@nas.na sa.gov
*

include  <iostream>

include  <stdexcept>

include  "FM_types.h"

lass FM_submesh_id

FM_submesh_id&

FM_submesh_id&

submesh_id");

FM_submesh_id& rhs)

rhs)

{

public:

FM_submesh_id() : id(-1) {

FM_submesh_id(int i) o oid() {

FM_submesh_id(FM_u32 i) id(int(i)) {4

void set(FM_u32 i) { id = int(i); }

inline bool defined() const { return id != -1; }

friend  std:ostreamé& operator<<(std::ostrea mé& o, const
if  (s.defined())
0 << s.id;
else
0 << "<submesh_id undefined>";
return  o;

}

friend  bool operator==(const FM_submesh_id& lhs, const
return  lhs.id == rhs.id;

friend  bool operator<(const FM_submesh_id& lhs, const FM_submesh_id& rhs)
return  lhs.id < rhs.id;

FM_u32 index()  const
if  (Idefined())
throw std::logic_ error("attempting to access undefined
return  FM_u32(id);

}

private:

it id;

b

bool operator !=(const FM_submesh_id& I|hs, const

return  I(hs == rhs);

Copyright  (c) 2000

Advanced Management Technology, Incorporated
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/I Emacs mode -*-c++-*- /I
#ifndef  _FM_TIME_H
#define  _FM_TIME_}
*

* NAME: FM_time.h
*

* WRITTEN BY:

* Patrick ~ Moran pmoran@nas.nasa.g ov
*

#include  <iostream>

#include  "FM_types.h"

template  <typename T>

class FM_time

{

public:

FM_time() : value(undefin  ed_value) {}
FM_time(T t) : value(t) i

T& operator=(co nst T&t) { value =1t }
T get() const

{
it (defined())
throw  std::logic_erro r("attempting to access undefined time");
return  value;
}
void set(T t) { value =t
void  set_undefined() { value = undefined_value; }

inline  bool defined() const { return value

= undefined_v alue; }
friend  bool operator==(co nst FM_time& lhs, const FM_time& rhs)

return  lhs.value == rhs.value;

friend  bool operator!=(co nst FM_time& lhs, const FM_time& rhs)

return  |hs.value 1= rhs.value;

friend  bool operator<(con st FM_time& lhs, const FM_time& rhs)

return  lhs.value < rhs.value;

T value;
static const T undefined_value;

template  <typename T>
const T FM_time<T>:undefin ed_value = T(-1e30);

template <>
const FM_u32 FM_time<FM_u32 >::undefined_value = OxFFFFFFFF;

template  <typename T>
std::ostream& operator<<(st  d::ostream& lhs, const FM_time<T>& rhs)

if  (rhs.defined 0)

return  lhs << rhs.get();

else

return  lhs << "<time undefined>";

Copyright ~ (c) 2000
Advanced Management Technology, Incorporated
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/I Emacs mode -*-C++-*- n
#ifndef _FM_TIMER_H_
#define  _FM_TIMER_H_

I

* NAME: FM_timer.h

*

* WRITTEN BY:

* Patrick  Moran pmoran@nas.na sa.gov
*

#include  <sys/time.h>

class FM_timer

public:
FM_timer() { reset(); }
void  reset() { total = 0.0;
void  start() { gettimeofday(&sta rt_tv, (struct timezone *)
void  stop()
{
struct  timeval  stop_tv;
gettimeofday(&stop_ tv, (struct timezone *) 0);
long dts = stop_tv.tv_sec - start_tv.tv_s ec;
long dtus = stop_tv.tv_usec - start_tv.tv_usec;

double dt = (double) dts + (double) dtus * 1.0e-6;

/I round to milliseconds
long millisec = (long) (dt * 1000.0 + 0.5);
total += millisec * 1000.0;

double elapsed() { return total; }
private:
struct  timeval  start_tv;

double total;

i

Copyright  (c) 2000
Advanced Management Technology, Incorporated

Permission is hereby granted, free of charge,

to any person obtaining a copy of this software

and associated  documentation  files  (the "Software"),
to deal in the Software without restriction,

including without  limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,
subject to the following conditions:

notice shall be included in all copies or substantial
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THE SOFTWARHES PROVIDED"AS IS", WITHOUTWARRANTY
OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT
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/I Emacs mode -*-c++-*-  //
#ifndef _FM_TYPES_H_
#define _FM_TYPES_|
*

* NAME: FM_types.h
*

* WRITTEN BY:
*

Patrick ~ Moran pmoran@nas.nasa.g ov

*
#ifndef ~ FM_COORD
#define  FM_COORD
typedef float  FM_coord;
#endif

typedef unsigned short FM_ul6;
typedef unsigned FM_u32;
typedef unsigned long long FM_u64;

struct  FM_true_type {}
struct  FM_false_type  {}

template  <int N, typename T> class FM_vector;

template  <typename T>

struct  FM_traits

{

typedef T element_type;

typedef ~FM_false_type  is_scalar;
b

template <>
struct  FM_traits<char>

{
typedef char element_type ;
typedef FM_true_type is_scalar;
b
template <>
struct  FM_traits<unsigned char>
{

typedef unsigned char element_type;
typedef FM_true_type is_scalar;
b

template <>

struct  FM_traits<short>

{

typedef short element_typ e;
typedef FM_true_type is_scalar;
b

template <>

struct  FM_traits<unsigned short>

{

typedef unsigned short element_type;
typedef FM_true_type is_scalar;

b

template <>
struct  FM_traits<int>

{
typedef int element_type;
typedef FM_true_type is_scalar;
b
template <>
struct  FM_traits<unsigned int>
{
typedef unsigned int element_type;
typedef FM_true_type is_scalar;
b

template <>
struct  FM_traits<long>

{
typedef long element_type ;
typedef FM_true_type is_scalar;
b
template <>
struct  FM_traits<unsigned long>
{

typedef unsigned long element_type;
typedef FM_true_type is_scalar;

template <>

struct  FM_traits<long long>

{
typedef long long element_type;
typedef FM_true_type is_scalar;

%

template <>

struct  FM_traits<unsigned long long>
{

typedef unsigned long long element_type;
typedef FM_true_type is_scalar;
b

template <>

struct  FM_traits<float>

{

typedef float element_typ e;
typedef FM_true_type is_scalar;

g

template <>
struct  FM_traits<double>
{
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typedef double element_type;
typedef  FM_true_type is_scalar;

template <>
struct  FM_traits<long double>

typedef long double element_type ;
typedef  FM_true_type is_scalar;

template  <int N, typename T>
struct  FM_traitssFM_vec tor<N,T> >

typedef typename FM_traits<T>::e lement_type  element_type;

typedef  FM_false_type is_scalar;

Copyright  (c) 2000
Advanced Management Technology,

Permission is hereby granted, fre
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Incorporated

e of charge,

f this software
(the "Software"),

restriction,

rights to use,

copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
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THE USE OR OTHERDEALINGS IN THE SOFTWARE.

#endif

B
*
B
B
B
*
*
*
*
*
*
*
B
* The above copyright notice and this permission
B
*
*
*
*
*
*
B
B
*
*
*
*



/I Emacs mode -*-c++-*-  //
#ifndef _FM_VECTOR_H
#define _FM_VECTOR_|
*

* NAME: FM_vector.h
*

* WRITTEN BY:

* Patrick ~ Moran pmoran@nas.nasa.g ov
*

#include  <iostream>

#include  <utility>

#if  defined(__sgi ) && !defined(__GNUC_ )

#include  <math.h>

#else

#include  <cmath>

#endif

#include  "FM_types.h"

template  <int
T FM_dot(const

N, typename T>
FM_vector<N, T>&, const FM_vector<N,T>&);

template  <typename T>
FM_vector<3,T> FM_cross(con st FM_vector<3,T>&, const FM_vector<3,T>&);

template  <int

class FM_vector

{

public:
FM_vector()

N, typename T>

FM_vector(const T datf])
for (int i =0; i <N; i++)
di] = dat[i];
template  <typename S>
explicit FM_vector(const FM_vector<N,S>&  dat)
{
for (int i =0; i <N; i++)
dfil = static_cast<T>  (datfi]);

T& operator[](i nt i) { return d[i]; }
const T& operator[](int i) const { return d[i]; }

typename FM_traits<T>::el ement_type* V()

return  reinterpret_cast

}

const typename FM_traits<T>:element

<typename FM_traits<T> :element_type*>(d);
_type* v() const

return  reinterpret_cast

}

friend  bool operator==(co nst FM_vector<N,T>& |hs,
const FM_vector<N,T>&  rhs)

<const typename FM_traits<T>:el

{
bool res = true;
for (int i =0; i <N; i++) {
it ((hs[i] == rhs[i])) {
res = false;
break;
}
return  res;
}
FM_vector<N,T>& operator+=(const FM_vector<N,T> & v) {
for (int i =0; i <N; i++)
di]  += vil;
return  *this;
}
FM_vector<N,T>&  operator-=(const FM_vector<N,T> & v) {
for (int i =0; i <N; i++)
dil - -= Vi
return  *this;
}
FM_vector<N,T>&  operator*=(typename FM_traits<T>::element _type s)
for (int i =0; i <N; i++)
dip  *= s
return  *this;
}
FM_vector<N,T>&  operator/=(typename FM_traits<T>::element _type s)
for (int i =0; i <N; i++)
dil /= s;
return  *this;
}
friend  FM_vector<N,T> operator-(cons t FM_vector<N,T>& u)
T tmp[N];
for (int i =0; i <N; i++)
tmp(i] = -ufil;
return  FM_vector<N,T>(t  mp);

}

friend  FM_vector<N,T> operator+(cons t FM_vector<N,T>& lhs,
const FM_vector<N,T>& rhs)

{

T tmp[N];

for (int i =0; i <N; i++)

tmp[i] = Ihs[i] + rhsfi;

return  FM_vector<N,T>(t  mp);

friend  FM_vector<N,T> operator-(cons t FM_vector<N,T>& Ihs,
const FM_vector<N,T>& rhs)

ement_type*>(d);

{

{
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T tmp[N];

for (int i =0; i <N; i++)
tmp[i] = Ihs]i] - rhs[i];

return  FM_vector<N, T>(tmp);

}

friend FM_vector<N,T>
operator*(typename FM_traits<T>:  :element_type lhs,
const FM_vector<N,T>& rhs)

T tmp[N];

for (int i =0; i <N; i++)
tmp[i] = lhs * rhsfi;

return ~ FM_vector<N, T>(tmp);

}

friend FM_vector<N,T>
operator*(const FM_vector<N,T>& |hs,
typename FM_traits<T>:  :element_type rhs)

T tmp[N];

for (int i =0; i <N; i++)
tmp[i] = Ihs[i] * rhs;

return  FM_vector<N, T>(tmp);

}

private:
T dINE;

template  <typename T>
class FM_vector<1,T>

public:
FM_vector() {3
FM_vector(const T dat[])

djo] = dat[o;

template  <typename S>

explicit FM_vector(co nst FM_vector<1,S>& dat)
d[0] = static_cast<  T>(dat[0]);

FM_vector(const T& a0)

d[0] = a0;

}

T& operator[](int i) { return d[i]; }

const T& operator[](i nt i) const { return d[i]; }
typename FM_traits<T> ::element_type* v()

{

return  reinterpret_ cast<typename  FM_traits<T>::elem

const typename FM_traits<T>::ele ment_type*  v() const

return  reinterpret_

}

cast<const typename FM_traits<T>

friend  bool operator==(const FM_vector<1,T> & lhs,
const FM_vector<1,T> & rhs)
{

return
Ihs.d[0] == rhs.d[0];

FM_vector<1,T>&  operator+=(const FM_vector<1,T>& V)
d[o] += v[0];
return  *this;
}
FM_vector<1,T>&  operator-=(const FM_vector<1,T>& V)
djo] -= v[o};
return  *this;
}
FM_vector<1,T>&  operator*=(typen ame FM_traits<T>:ele
{

do] *= s;
return  *this;
}
FM_vector<1,T>&  operator/=(typen ame FM_traits<T>::ele
{

dlo] /= s;

return  *this;

}

friend  FM_vector<1,T>

operator-(const FM_vector<1,T>&

return  FM_vector<l, T>(-u.d[0]);

friend  FM_vector<1,T>  operator+(const FM_vector<1,T>&

const FM_vector<1,T>&

return  FM_vector<1, T>(lhs.d[0] + rhs.d[0]);

friend  FM_vector<1,T>  operator-(const FM_vector<1,T>&
const FM_vector<1,T>&

return  FM_vector<l, T>(lhs.d[0] - rhs.d[0]);

ent_type*>(d);

::element_type*>(d);

ment_type

ment_type

u)

Ihs,
rhs)

lhs,
rhs)

s)

s)



friend  FM_vector<1,T>

operator*(typen ame FM_traits<T>::ele
const FM_vector<1,T>&  rhs)

{

return  FM_vector<1,T>(l

ment_type lhs,

hs * rhs.d[0]);

friend FM_vector<1,T>
operator*(const FM_vector<1,7>& lhs,
typename FM_traits<T>::ele ment_type  rhs)

return  FM_vector<1,T>(  hs.d[0] * rhs);

friend T FM_dot<T>(const FM_vector<l,T>&,
const FM_vector<1,T>&);

private:
T d[};
h
template  <typename T>
class FM_vector<2,T>
{
public:
FM_vector()
FM_vector(const T datf])
di0] = dat[o];
di1] = dat[1];
template  <typename S>
explicit FM_vector(const FM_vector<2,S>&  dat)
{
d[0] = static_cast<T>(d at[0]);
d[1l] = static_cast<T>(d at[1]);
}
FM_vector(const T& a0, const T& al)
{
d[0] = ao;
di1] = al;
}
T& operator[](i nt i) { return d[i];
const T& operator[](int i) const { return d[i]; }

typename FM_traits<T>::el ement_type* V()

return  reinterpret_cast <typename FM_traits<T> :element_type*>(d);

}
const typename FM_traits<T>:element _type* v() const

return  reinterpret_cast <const typename FM_traits<T>:el ement_type*>(d);
}

friend  bool operator==(co nst FM_vector<2,T>& |hs,
const FM_vector<2,T>&  rhs)
{

return
Ihs.d[0]
Ihs.d[1]

rhs.d[0] &&
rhs.d[1];

}

FM_vector<2,T>&  operator+=(const FM_vector<2,T> & V)
do] += v[0];
da]  += i1}
return  *this;

}

FM_vector<2,T>&  operator-=(const
{

dio] -= v[0];

d] = i1}

return  *this;

}

FM_vector<2,T>&  operator*=(typename

FM_vector<2,T> & V)

FM_traits<T>::element _type s)
d[o] *= s;
d[1] *= s;
return  *this;

}

FM_vector<2,T>&  operator/=(typename FM_traits<T>::element _type s)

da] /= s
return  *this;

}

friend  FM_vector<2,T>  operator-(cons t FM_vector<2,T>& u)

return  FM_vector<2,T>(-  u.d[0], -u.d[1]);

friend  FM_vector<2,T> operator+(cons t FM_vector<2,T>& I|hs,

const FM_vector<2,T>&  rhs)

return  FM_vector<2,T>(  hs.d[0] + rhs.d[0],
|hs.d[1] + rhs.d[1]);

friend  FM_vector<2,T>  operator-(cons t FM_vector<2,T>& Ihs,

const FM_vector<2,T>&  rhs)

return  FM_vector<2,T>(  hs.d[0] - rhs.d[0],
Ihs.d[1] - rhs.d[1]);
}

friend  FM_vector<2,T>
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operator*(typename FM_traits<T>:  :element_type Ihs,
const FM_vector<2,T>&  rhs)

return  FM_vector<2, T>(lhs * rhs.d[0],
lhs  * rhs.d[1]);

friend FM_vector<2,T>
operator*(const FM_vector<2,T>& |hs,
typename FM_traits<T>:  :element_type rhs)

return  FM_vector<2, T>(lhs.d[0] * rhs,
Ihs.d[1] * rhs);
}

friend T FM_dot<T>(co nst FM_vector<2,T>&,
const FM_vector<2,T>&);

private:
T d[2J;

template  <typename T>
class FM_vector<3,T>

public:
FM_vector() {
FM_vector(const T dat]])
{
d[o] dat[0];
d[1] dat[1];
d2] = dat[2];
}
template  <typename S>
explicit FM_vector(co nst FM_vector<3,S>& dat)
{
d[0] = static_cast<  T>(dat[0]);
d[1] = static_cast<  T>(dat[1]);
d[2] = static_cast<  T>(dat[2]);
}
explicit FM_vector(co nst FM_vector<4,T>& V)
d[o]
d[1]
d[2]

FM_vector(const T& a0, const T& al, const T& a2)

d[0] = a0;
d1] = ai;
dl2] = az;
}
T& operator[](int i) { return d[i]; }
const T& operator[](i nt i) const { return d[i]; }
typename FM_traits<T> ::element_type* v()

return  reinterpret_

}

const typename FM_traits<T>::ele

cast<typename  FM_traits<T>::elem

ment_type* v() const

return  reinterpret_  cast<const

}

friend  bool operator==(const FM_vector<3, 7> & Ihs,
const FM_vector<3,T> & rhs)

{

return
Ihs.d[0] rhs.d[0] &&
Ihs.d[1] == rhs.d[1] &&
Ihs.d[2] == rhs.d[2];

}

FM_vector<3,T>&  operator+=(const FM_vector<3,T>& V)
do] += v[0];

d1]  += v1];

d[2] += v[2];

return  *this;

}

FM_vector<3,T>&  operator-=(const FM_vector<3,T>& V)

do] -= v[0];
di] -= V1],
d2] = v2];
return  *this;
}
FM_vector<3,T>&  operator*=(typen ame FM_traits<T>:ele ment_type
{
d[o] *= s;
d] *= s;
d2] *= s;
return  *this;
}
FM_vector<3,T>&  operator/=(typen ame FM_traits<T>::ele ment_type
dlo] /= s;
di] /= s;
d2] I= s;
return  *this;

}

friend ~ FM_vector<3,T>  operator-(const FM_vector<3,T>& u)

return  FM_vector<3, T>(-u.d[0], -u.d[1], -u.d[2]);

ent_type*>(d);

typename FM_traits<T> ::element_type*>(d);

s)

s)



friend  FM_vector<3,T>  operator+(cons t

FM_vector<3,T>& |hs,

T& a3)

const FM_vector<3,T>& rhs)
{
return  FM_vector<3,T>(  hs.d[0] + rhs.d[0],
|hs.d[1] + rhs.d[1],
lhs.d[2] + rhs.d[2]);
friend  FM_vector<3,T>  operator-(cons t FM_vector<3,T>& Ihs,
const FM_vector<3,T>&  rhs)
return  FM_vector<3,T>(  hs.d[0] - rhs.d[0],
Ihs.d[1] - rhs.d[1],
Ihs.d[2] - rhs.d[2]);
}
friend FM_vector<3,T>
operator*(typen ame FM_traits<T>::ele ment_type |hs,
const FM_vector<3,T>&  rhs)
return  FM_vector<3,T>(  hs * rhs.d[0],
lhs  * rhs.d[1],
lhs  * rhs.d[2]);
friend  FM_vector<3,T>
operator*(const FM_vector<3,T>& lhs,
typename FM_traits<T>::ele ment_type  rhs)
return  FM_vector<3,T>(  hs.d[0] * rhs,
lhs.d[1] * rhs,
Ihs.d[2] * rhs);
}
friend T FM_dot<T>(const FM_vector<3,T>&,
const FM_vector<3,T>&);
friend  FM_vector<3,T> FM_cross<T>(co nst FM_vector<3,T>&,
const FM_vector<3,T>&);
private:
T d3];
h
template  <typename T>
class FM_vector<4,T>
{
public:
FM_vector()
FM_vector(const T dat[])
do] = dato];
dl1] = dat[1];
d2] = dat[2];
d[3] = dat[3];
template  <typename S>
explicit FM_vector(const FM_vector<4,S>&  dat)
{
d[0] = static_cast<T>(d at[0]);
d[1] static_cast<T>(d at[1]);
d[2] = static_cast<T>(d at[2]);
d[3] = static_cast<T>(d at[3]);
FM_vector(const T& a0, const T& al, const T& a2, const
dl0] = a0;
dl1] = a1;
d2] = a2;
d[38] = a3;
}
T& operator[](i nt i) { return d[i; }
const T& operator(](int i) const { return dIi]; }

typename FM_traits<T>::el ement_type* V()
{

return  reinterpret_cast <typename FM_traits<T>

const typename FM_traits<T>:element _type* v() const

return

}

reinterpret_cast <const typename FM_traits<T>:el

friend  bool operator==(co nst FM_vector<4,T>& Ihs,

const FM_vector<4,T>&  rhs)

{

return

Ihs.d[0] rhs.d0]  &&

Ihs.d[1] rhs.d[l]  &&

Ihs.d[2] rths.d[2]  &&

Ihs.d[3] == rhs.d[3];
}

FM_vector<4,T>&  operator+=(const FM_vector<4,T> & V)

d[o] += v[0];
di1] += v[1];
d2]  += v[2];
d3] += Vv[3];
return  *this;

}

FM_vector<4,T>&  operator-=(const FM_vector<4,T> & v)

dio] -= v[0];
dia]  -= v[i];
d2] -= v[2];
dE] = v},
return  *this;

:element_type*>(d);

ement_type*>(d);
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FM_vector<4,T>&  operator*=(typen ame FM_traits<T>::ele ment_type
d[o] *= s;
d] *= s;
d2] *= s;
d3] *= s;
return  *this;
}
FM_vector<4,T>&  operator/=(typen ame FM_traits<T>::ele ment_type
do] /= s;
d1] /= s;
di2] I= s;
di3] /= s;
return  *this;
}
friend ~ FM_vector<4,T>  operator-(const FM_vector<4,T>& u)
return  FM_vector<4, T>(-u.d[0], -u.d[1], -u.d[2], -u.d[3]);
friend  FM_vector<4,T>  operator+(const FM_vector<4,T>& I|hs,
const FM_vector<4,T>&  rhs)
{
return  FM_vector<4, T>(lhs.d[0] + rhs.d[0],
Ihs.d[1] + rhs.d[1],
Ihs.d[2] + rhs.d[2],
Ihs.d[3] + rhs.d[3)]);
friend ~ FM_vector<4,T>  operator-(const FM_vector<4,T>& I|hs,
const FM_vector<4,T>&  rhs)
return  FM_vector<4, T>(lhs.d[0] - rhs.d[0],
lhs.d[l] - rhs.d[1],
lhs.d2] - rhs.d[2],
Ihs.d[3] - rhs.d[3]);
}
friend  FM_vector<4,T>
operator*(typename FM_traits<T>:  :element_type Ihs,
const FM_vector<4,T>&  rhs)
return  FM_vector<4, T>(lhs * rhs.d[0],
lhs * rhs.d[1],
lhs * rhs.d[2],
lhs  * rhs.d[3]);
}
friend FM_vector<4,T>
operator*(const FM_vector<4,T>& |hs,
typename FM_traits<T>:  :element_type rhs)
return  FM_vector<4, T>(lhs.d[0] * rhs,
Ihs.d[1] * rhs,
Ihs.d[2] * rhs,
Ihs.d[3] * rhs);
}
friend T FM_dot<T>(co nst FM_vector<4,T>&,
const FM_vector<4,T>&);
private:
T di4l;

template <int N, typename T>
bool operator!=(const FM_vector<N
const FM_vector<N

return  !(lhs == rhs);

template  <int
std::ostream&

N, typename T>
operator<<(std::ostr

lhs << *(;

int i

for (i =0 i <N; i+ {
it (i >0 lhs <<*" "

Ihs << rhsi];

return  |hs << )"

template <int N, typename T>
T FM_dot(const

T res = Ihs[0] * rhs[0];

for (int i =1; i < N; i++)
res += Ihs[i] * rhsfi;

return  res;

template  <typename T>

T FM_dot(const FM_vector<1,T>& Ih:
const

{

return

Ihs.d[0] * rhs.d[0];

template  <typename T>
T FM_dot(const ~ FM_vector<2,T>& I
const

FM_vector<N,T>& |hs,

, T>& Ihs,
, T>& rhs)
eam& lhs, const FM_vector<N,T>&
const FM_vector<N,T >& rhs)

S,

FM_vector<1,T>&  rhs)

S,

FM_vector<2,T>&  rhs)

s)

s)

rhs)



{

return
Ihs.d[0] * rhs.d0]  +
lhs.d[1] * rhs.d[1];
}
template  <typename T>

T FM_dot(const  FM_vector<3, T>& lhs,
const FM_vector<3, T>& rhs)

{
return
Ihs.d0]  * rhs.d[0]  +
lhs.d[l]  * rhs.d[l]
Ihs.d[2] * rhs.d[2];
}
template  <typename T>

T FM_dot(const FM_vector<4, T>& lhs,
const FM_vector<4, T>& rhs)

{
return

lhs.d0]  * rhs.d[0]  +
lhs.d[l]  * rhsd[]
lhs.d2]  * rhsd[2]  +
Ihs.d[3] * rhs.d[3];

}

\emplate <typename T>

FM_vector<3,T> FM_cross(con st FM_vector<3,T>& Ihs,

const FM_vector<3,T>&  rhs)

return  FM_vector<3,T>(lhs  .d[1] * rhs.d[2] - rhs.d[1] * Ihs.d[2],
rhs.d0]  * Ihs.d2] - Ihs.do]  * rhs.d[2],
Ihs.d[0] * rhs.d[1] - rhs.d[0] * Ihs.d[1]);

template <int N, typename T>
T FM_mag(const FM_vector<N, T>& v)

return  (T) sqrt(FM_dot(v, v));

template  <int N, typename T>
T FM_distance2(co nst FM_vector<N,T>& l|hs, const

FM_vector<N,T> d = rhs - Ihs;
return  FM_dot(d, d);

template  <int
inline  std::pair<FM_vector<
FM_operator_min_m ax_equals(std::pair<F

N, typename T>

const FM_vector<N,T>&
{
for (int i =0; i <N; i++) {
if (vl < mmfirst[i])
mm.first[i] = V[i];
else if (mm.second[i] < V[i))
mm.secondi] = V[i;
}
return  mm;
}

template  <int N>
FM_vector<N,bool> operator!(const FM_vector<N,boo
bool  tmp|N];
for (int i =0, i <N; i+

tmp[i] = W[i];
return  FM_vector<N,bool>(  tmp);

}

template  <int N>
FM_vector<N,bool> operator&&(const FM_vector<N,bo

const FM_vector<N,bo

bool  tmp[N];

for (int i =0, i <N; i++)
tmpl[i] = lhsli] && rhsli];

return  FM_vector<N,bool>(  tmp);

}

template  <int N>
FM_vector<N,bool> operator||(const FM_vector<N,bo

const FM_vector<N,bo

bool  tmp[N];

for (int i =0, i <N; i++)
tmpli] = lhsli] Il rhs[i;

return  FM_vector<N,bool>(  tmp);

}

template  <int N>
FM_vector<N,bool> operator”(const FM_vector<N,boo

const FM_vector<N,boo

bool  tmp[N];
for (int i =0, i <N; i++)
tmpl[i] = lhsli] = rhs[i];
return  FM_vector<N,bool>(  tmp);
}
template  <int N>
bool operator<=(c onst FM_vector<N,bool >& lhs,
const FM_vector<N,bool >& rhs)

FM_vector<N ,T>& rhs)

N,T>,FM_vector<N,T> >&
M_vector<N,T>,FM_vect

V)

>& u)

ol>& Ilhs,
ol>& rhs)

ol>& Ihs,
ol>& rhs)

I>& lhs,
1>& rhs)

or<N,T> >& mm,
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{
bool res = true;
for (nt i =0; i <
it (hsi]
res = false;
break;
}
}
return  res;
}
template  <int N>

bool operator>=(const

N i++)  {

&& Ihsfi)  {

FM_vector<N, bool>& lhs,

const FM_vector<N, bool>& rhs)

{

bool res = true;

for (int i =0; i <N; i++) {

it (lhs[i] && rhsfi) |
res = false;
break;
}

}

return  res;
}
typedef FM_vector<2,int > FM_vector2i;
typedef FM_vector<2,flo  at> FM_vector2f;
typedef FM_vector<2,dou ble> FM_vector2d;
typedef FM_vector<3,int > FM_vector3i;
typedef FM_vector<3,flo  at> FM_vector3f;
typedef ~FM_vector<3,dou ble> FM_vector3d;
typedef FM_vector<4,int > FM_vectordi;
typedef FM_vector<4,flo  at> FM_vector4f;
typedef FM_vector<4,dou ble> FM_vector4d;

Copyright  (c) 2000

Advanced Management Technology, Incorporated
Permission is hereby granted, free of charge,

to any person obtaining a copy of this software

and associated  documentation  files  (the "Software"),
to deal in the Software without restriction,

including without  limitation the rights to use,
copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so,
subject to the following conditions:

and this
in all

*
*

*

B

B

B

B

*

*

*

*

*

*

* The above copyright notice permission
* notice shall be included copies or substantial
* portions  of the Software.

B

* THE SOFTWARHS PROVIDED"AS 1S", WITHOUTWARRANTY

* OF ANY KIND, EXPRESSOR IMPLIED, INCLUDING BUT NOT

* LIMITED TO THE WARRANTIESOF MERCHANTABILTY, FITNESS
* FOR A PARTICULAR PURPOSEAND NONINFRINGEMHT. IN NO

* EVENT SHALL THE AUTHORSOR COPYRIGHTHOLDERSBE LIABLE
* FOR ANY CLAIM, DAMAGESOR OTHERLIABILITY, WHETHER

* IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING

* FROM, OUT OF OR IN CONNECTIONWITH THE SOFTWAREDR

* THE USE OR OTHERDEALINGS IN THE SOFTWARE.

*

#endif



